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HATCH  EXPERIMENT  STATION 

OF  THE 

MASSACHUSETTS  AGRICULTURAL   COLLEGE, 

AMHERST,  MASS. 


By  act  of  the  General  Court,  the  Hatch  Experiment 
Station  and  the  State  Experiment  Station  have  been  con- 
solidated under  the  name  of  the  Hatch  Experiment  Station 
of  the  Massachusetts  Agricultural  College.  Several  new 
divisions  have  been  created  and  the  scope  of  others  has 
been  enlarged.  To  the  horticultural  has  been  added  the 
duty  of  testing  varieties  of  vegetables  and  seeds.  The 
chemical  has  been  divided,  and  a  new  division,  "Foods  and 
Feeding,"  has  been  established.  The  botanical,  including 
plant  physiology  and  disease,  has  been  restored  after  tem- 
porary suspension. 

The  officers  are  :  — 


Henry  H.  Goodell,  LL.D., 

William  P.  Brooks,  Ph.D., 

George  E.  Stone,  Ph.D., 

Charles  A.  Goessmann,  Ph.D.,  LL.D., 

Joseph  B.  Lindset,  Ph.D., 

Charles  H.  Fernald,  Ph.D., 

Samuel  T.  Maynard,  B.Sc, 

J.  E.  Ostrander,  C.E., 

Henry  M.  Thomson,  B.Sc, 

Ralph  E.  Smith,  B.Sc, 

Henri  D.  IIaskins,  B.Sc, 

Charles  L  Goessmann,  B.Sc, 

Samuel  W.  Wiley,  B.Sc, 

Edward  B.  Holland,  M.Sc, 

Fred  W.  Mossman,  B.Sc, 

Benjamin  K.  Jones,  B.Sc, 

Philip  H.  Smith,  B.Sc, 

Robert  A.  Cooley,  B.Sc, 

George  A.  Drew,  B.Sc, 

Herbert  D.  Hemenway,  B.Sc, 

Arthur  C.  Monahan, 


Director. 

Agriculturist, 

Botanist. 

Chemist  (fertilizers). 

Chemist  (foods  and  feeding). 

Entomologist. 

florticulluriat. 

Meteorologist. 

Assistant  Agriculturist. 

Assistant  Botanist. 

Assistant  Chemist  (fertilizers). 

Assistant  Chemist  (fertilizers). 

Assistant  Chemist  (fertilizers). 

First  Chemist  (foods  and  feeding). 

Assistant  Chemist  (foods  and  feeding). 

Assistant  Chemist  (foods  and  feeding). 

Assistant  in  Foods  and  Feeding. 

Assistant  Entomologist. 

Assistant  Horticulturist. 

Assistant  Uorticulturist. 

Observer. 
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The  co-operation  and  assistance  of  farmers,  fruit  growers, 
horticulturists  and  all  interested,  directly  or  indirectly,  in 
agriculture,  are  earnestly  requested.  Communications  may 
be  addressed  to  the  "  Hatch  Experiment  Station,  Amherst, 
Mass." 

The  following  bulletins  are  still  in  stock  and  can  be 
furnished  on  demand  :  — 

No.  27.     Tuberculosis  in  college  herd ;  tuberculin  in  diagnosis ; 

bovine  rabies  ;  poisoning  by  nitrate  of  soda. 
No.  33.     Glossary  of  fodder  terms. 
No.  35.     Agricultural  value  of  bone  meal. 
No.  37.     Report  on  fruits,  insecticides  and  fungicides. 
No.  41.     On  the  use  of  tuberculin  (translated  from  Dr.  Bang). 
No.  42.     Fertilizer  analyses  ;  fertilizer  laws. 
No.  43.     Effects  of  electricity  on  germination  of  seeds. 
No.  45.     Commercial    fertilizers ;    fertilizer   analyses ;    fertilizer 

laws. 
No.  46.     Habits,  food  and  economic  value  of  the  American  toad. 
No.  47.     Field  experiments  with  tobacco. 
No.  48.     Fertilizer  analyses. 
No.  49.     Fertilizer  analyses. 
No.  50.     The  feeding  value  of  salt-marsh  hay. 
No.  51.     Fertilizer  analyses. 

No.  52.     Variety  tests  of  fruits  ;  spraying  calendar. 
No.  53.     Concentrated  feed  stuffs. 
No.  54.     Fertilizer  analyses. 
No.  55.     Nematode  worms. 
No.  56.     Concentrated  feed  stuffs. 
No.  57.     Fertilizer  analyses. 
Special  bulletin,  —  The  brown-tail  moth. 
Index,  1888-95. 

Of  the  other  bulletins,  a  few  copies  remain,  which  can 
only  be  supplied  to  complete  sets  for  libraries. 

New  methods  and  new  appliances  in  the  feeding  and  care 
of  animals  and  plants  have  opened  up  new  problems,  and 
the  demands  made  upon  the  station  have  taxed  it  to  its 
uttermost.  Briefly  summarizing  the  work  of  the  year,  we 
find  it  distributed  as  follows  :  in  the  division  of  foods  and 
feeding  a  new  feature  has  been  added,  viz.,  regulating  the 
sale    of  concentrated   feed    stuff's.     There    have    been    663 
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analyses  of  these  materials  made,  2\)2  of  fodder  and  420  of 
dairy  products.  In  an  investigation  of  Cleveland  flax  meal 
V.  old-process  linseed  meal  for  feeding  earl}^  lambs,  it  was 
found  that  no  injurious  results  followed  from  the  use  of  flax 
meal,  and  that  there  was  the  same  average  daily  growth  of 
the  lambs  on  either  ration  ;  in  an  experiment  of  corn  meal 
V.  hominy  meal  and  corn  meal  v.  cerealine  feed  for  growing 
pigs,  it  was  found  that  the  corn  meal  was  five  to  ten  per 
cent,  more  valuable  than  cerealine  feed  used  in  connection 
with  skim-milk,  while  hominy  meal  was  quite  as  valuable 
as  corn  meal  in  connection  Avith  skim-milk. 

In  the  entomological  division,  besides  the  special  work 
in  connection  with  the  gypsy  moth,  attention  has  been  paid 
to  combining  the  arsenate  of  lead  and  the  Bordeaux  mix- 
ture, with  favorable  results.  The  life  histories  and  habits 
of  two  pernicious  insects  have  been  worked  out,  —  the  grass 
thrips,  particularly  destructive  in  this  State,  and  the  small 
clover-leaf  beetle  (^Phytonomus  nigrirostris).  The  perni- 
cious scale  insects  (ChionasjJis)  have  also  been  carefully 
studied,  and  the  results  will  soon  be  published. 

The  horticultural  division  has  continued  its  work  of  test- 
ing varieties  of  fruits,  domestic  and  foreign,  suitable  for 
this  State,  and  its  investigation  of  hydrocyanic  acid  as  an 
insecticide. 

The  division  of  fertilizers  has  made  five  hundred  and 
fifty-two  analyses ;  has  conducted  experiments  on  the  use 
of  concentrated  chemical  manures  to  supply  plant  food  in 
greenhouses,  combinations  of  high-grade  fertilizers  for 
garden,  greenhouse  and  pot  cultivation ;  and  has  made 
observations  with  dried  blood  and  two  kinds  of  leather 
refuse  as  a  source  of  nitrogen  for  growing  rye  in  presence 
of  acid  and  alkaline  phosphates. 

The  agricultural  division,  in  addition  to  its  soil  tests  with 
corn,  onions,  oats,  etc.,  has  undertaken  the  testing  of  seeds 
of  the  same  variet}'^  of  potatoes  raised  in  difl'erent  localities, 
finding  a  variation  of  fifty  per  cent,  in  Early  Kose  and 
Beauty  of  Hebron.  In  experiments  with  jioultry  the  fol- 
lowing results  were  obtained  with  reference  to  egg  produc- 
tion :    (a)   that  condition  powders  had  no  cfl'cct ;    (b)  that 


6  HATCH   EXPERIMENT   STATION.         [Jan. 

animal  meal  was  of  more  value  than  cut  bone ;  (c)  that  the 
intiuence  of  the  cock  was  nil;  {d)  that  a  wide  ration  was 
preferable  to  a  narrow  ration. 

The  botanical  division  has  issued  an  illustrated  Imlletin 
(No.  55)  on  the  nematode  worm,  in  which  its  life  history 
is  traced,  and  a  simple  remedy,  steaming  the  soil,  given  for 
its  repression.  Work  has  been  done  in  the  drop  and  top 
burn  of  lettuce,  asparagus  and  chrysanthemum  rust,  and  in 
sub-irrigation  and  the  mechanical  condition  of  soil  as  aifect- 
inir  the  growth  of  lettuce. 

Reports  from  the  difterent  divisions,  giving  in  detail  the 
work  of  the  year,  accompany  this  brief  summary. 
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ANNUAL  REPORT 

Of  George  F.  Mills,  Treasurer  of  the  Hatch  Experiment  Station 
OF  Massachusetts  Agricultural  College, 

For  the  Year  ending  June  30, 1898. 


Cash  received  from  United  States  treasurer, 


Cash  paid  for  salaries,    . 
for  labor, 

for  publications,     . 
for  postage  and  stationery, 
for  freight  and  express, 
for  heat,  light  and  water, 
for  seeds,  plants  and  sundry 
for  fertilizers, 
for  feeding  stuffs, . 
for  library,     . 

for  tools,  implements  and  m 
for  furniture  and  fixtures, 
for  scientific  apparatus, 
for  live  stock, 
for  traveling  expenses, 
for  contingent  expenses, 
for  building  and  repairs, 


Cash  on  hand  July  1,  1897,    . 

Received  from  State  treasurer, 
from  fertilizer  fees, 
from  farm  products, 
from  miscellaneous  sources. 


Cash  paid  for  salaries,   . 
for  labor, 
for  publications,    . 
for  postage  and  stationery, 
for  freight  and  express, 


Amount  carried  forward^ 


urer, 

$4,443  00 

3,605  36 

2,885  54 

235  56 

355  49 

130  17 

?  15,000  00 

supplies, . 

448  72 
285  86 
141  17 

244  78 

achinery, . 

250  00 
105  19 
228  36 
901  00 

220  00 

80  65 

439  15 

$15,000  00 

$19  73 

.  11,200  00 

.  3,278  75 

.  1,763  86 

.  1,663  45 



$17,925  79 

.$8,901  77 

.  3,167  18 

.   708  27 

.   236  16 

.   154  97 

$13,168  35 
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animal  meal  was  of  more  value  than  cut  bone ;  (c)  that  the 
influence  of  the  cock  was  nil;  {d)  that  a  wide  ration  was 
preferable  to  a  narrow  ration. 

The  botanical  division  has  issued  an  illustrated  bulletin 
(No.  55)  on  the  nematode  worm,  in  which  its  life  history 
is  traced,  and  a  simple  remedy,  steaming  the  soil,  given  for 
its  repression.  Work  has  been  done  in  the  drop  and  top 
burn  of  lettuce,  asparagus  and  chrysanthemum  rust,  and  in 
sub-irrigation  and  the  mechanical  condition  of  soil  as  aflfect- 
ino;  the  growth  of  lettuce. 

Reports  from  the  difterent  divisions,  giving  in  detail  the 
work  of  the  year,  accompany  this  brief  summary. 
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ANNUAL  REPORT 

Of  George  F.  Mills,  Treasurer  of  the  Hatch  Experiment  Station 
OF  Massachusetts  Agricultural  College, 

For  the  Tear  ending  June  30, 1898. 


Cash  received  from  United  States  treasurer, 

, 

f  15,000  00 

Cash  paid  for  salaries, 

84,443  00 

for  labor, 

3,605  36 

for  publications,     .... 

2,885  54 

for  postage  and  stationery,   . 

235  56 

for  freight  and  express. 

355  49 

for  heat,  light  and  water, 

130  17 

for  seeds,  plants  and  sundry  supplies, . 

448  72 

for  fertilizers, 

285  86 

for  feeding  stuffs, 

141  17 

for  library, 

244  78 

for  tools,  implements  and  machinery, . 

250  00 

for  furniture  and  fixtures,     . 

105  19 

for  scientific  apparatus, 

228  36 

for  live  stock,         .... 

901  00 

for  traveling  expenses. 

220  00 

for  contingent  expenses. 

80  65 

for  building  and  repairs, 

.      439  15 

$15,000  00 

Cash  on  hand  July  1,  1897,    .... 

.      $19  73 

Received  from  State  treasurer. 

11,200  00 

from  fertilizer  fees. 

.    3,278  75 

from  farm  products, 

1,763  86 

from  miscellaneous  sources,  . 

1,663  45 

$17,925  79 

Cash  paid  for  salaries, 

.$8,901  77 

for  labor, 

.   3,167  18 

for  publications,    .... 

.      708  27 

for  postage  and  stationery,   . 

.      236  16 

for  freight  and  express, 

.       154  97 

Amount  carried  forward. 

$13,168  35 
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Amount  brought  forward, 

Cash  paid  for  heat,  light  and  water, 
for  chemical  supplies,  . 
for  seeds,  plants  and  sundry  supplies, 
for  feeding  stuflfs, .... 

for  library, 

for  tools,  implements  and  machinery, 

for  furniture  and  fixtures,     . 

for  scientific  apparatus, 

for  live  stock,        .... 

for  traveling  expenses, 

for  contingent  expenses, 

for  building  and  repairs, 


$13,168  35 

.   549 

44 

.   958 

54 

.   368  02 

.   592 

46 

.   191 

10 

34 

49 

40 

23 

.   187 

11 

.   313  50 

.   356 

73 

.   163  96 

.  1,001 

86 



—  $17,925  79 

I,  Charles  A.  Gleason,  duly  appointed  auditor  of  the  corporation,  do  hereby  certify 
that  I  have  examined  the  books  and  accounts  of  the  Hatch  Experiment  Station  of 
the  Massachusetts  Agricultural  College  for  the  fiscal  year  ending  June  30, 1898 ;  that 
I  have  found  the  books  well  kept  and  the  accounts  correctly  classified  as  above ;  and 
that  the  receipts  for  the  year  are  shown  to  be  $32,92.3.79,  and  the  corresponding  dis- 
bursements $32,925.79.  All  the  proper  vouchers  are  on  file,  and  have  been  by  me 
examined  and  found  to  be  correct,  there  being  no  balance  on  accounts  of  the  fiscal 
year  ending  June  30,  1898. 

CHARLES   A.  GLEASON, 

Auditor. 

AUHEBST,  Aug.  31,  1898. 
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REPORT    OF    THE    METEOROLOGIST. 


JOHN   E.   OSTRANDER. 


During  the  year,  as  in  previous  years,  the  meteorological 
division  has  been  principally  engaged  in  the  observations 
of  the  various  weather  elements  and  phenomena,  and  the 
compilation  of  the  records  in  permanent  form.  The  more 
important  results,  together  with  summaries  of  most  of  the 
others,  have  been  published,  as  heretofore,  in  bulletin  form 
each  month.  The  usual  summary  of  the  weather  for  the 
year  will  be  issued  when  the  records  are  completed. 

The  records  of  the  division  were  begun  with  the  year 
1889  ;  accordingly,  this  year  completes  the  first  decennial 
period.  A  tabulation  of  the  results  for  the  whole  period 
is  under  way,  for  use  in  determining  the  means  of  the 
several  weather  elements  at  this  station.  These  results 
should  give  normal  conditions  4iffering  but  little  from 
those  that  may  afterward  be  deduced  from  observations 
covering  a  much  longer  time,  and  will  be  found  valuable 
for  the  purpose  of  determining  departures  from  mean  con- 
ditions in  the  future.  The  tables  are  being  arranged  in  a 
suitable  form  for  publication,  so  that  they  may  be  issued  in 
bulletin  form,  if  it  is  thought  desirable. 

While  the  self-recording  instruments  in  the  tower  give 
generally  good  results,  the  records  of  the  sun  thermometer 
are  lacking  in  precision.  Cold-air  currents  and  variable 
M'ind  velocities  give  at  times  records  which  cannot  be 
distinguished  from  those  due  to  cloudiness.  The  desira- 
bility of  having  a  photographic  or  an  electrical  sunshine 
recorder,  for  use  in  conjunction  with  the  Draper  instrument, 
is  suffo-ested. 

The  local  forecasts  of  the  weather  have  been  received 
daily,  except  Sunday,  from  the  Boston  ofiice  of  the  United 
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States  Weather  Bureau,  and  the  signals  displayed  on  the 
top  of  the  tower.  At  the  request  of  Mr.  J.  W.  Smith, 
director  of  the  New  England  section  of  the  United  States 
Weather  Bureau,  this  division  has  arranged  to  furnish  his 
office  the  weekly  snow  reports,  as  has  been  done  the  past 
few  years.  The  record  of  the  number  of  days  of  sleighing, 
begun  by  Professor  Metcalf,  is  being  continued. 

During  the  year  attempts  were  made  to  secure  some  rec- 
ords of  atmospheric  electricity  by  using  the  quadrant  elec- 
trometer in  the  tower,  but  without  success.  The  extreme 
sensitiveness  of  the  instrument  seems  to  preclude  its  working 
at  any  such  height  from  the  ground,  where  it  is  necessarily 
subjected  to  the  vibrations  of  the  building.  Unless  a  suit- 
able location  and  mounting  can  be  provided  elsewhere,  the 
records  it  was  intended  to  secure  cannot  be  obtained  with 
any  degree  of  success. 

During  the  year  the  division  purchased  one  of  the  resist- 
ance boxes  made  after  the  design  of  Prof.  Milton  Whitney, 
of  the  Division  of  Soils,  United  States  Department  of  Agri- 
culture, for  the  purpose  of  continuing  the  examination  of 
soil  moisture  by  the  electrical  method.  The  electrodes 
could  not  be  obtained  from  the  manufacturer  until  early 
in  June,  and  then  a  number  proved  defective.  Others 
were  loaned  us  later  by  the  Department  at  Washington 
for  continuino;  the  work.  The  results  obtained  have  been 
even  less  satisfactory  than  those  of  last  year.  An  examina- 
tion of  the  electrodes  in  the  soil  showed  in  some  cases  short 
circuits  to  have  been  produced  by  the  growth  of  roots  across 
the  face ;  in  other  cases  no  cause  could  be  found  for  unusual 
changes  in  the  resistance.  A  continuation  of  the  experiment 
another  year  may  perhaps  furnish  more  satisfactory  results, 
or  reveal  the  causes  of  some  abnormal  fluctuations. 


1899.]  PUBLIC   DOCUMENT  — No.  33.  11 


REPORT   OF  THE   HORTICULTURIST. 


SAMUEL  T.  MAYNARD. 


The  work  of  this  division  during  the  past  year  has  been 
carried  on  in  about  the  same  lines  as  for  the  year  of  1897. 

Of  the  experiments  conducted,  variety  testing  of  fruits, 
vegetables,  flowers,  etc.,  has  occupied  considerable  atten- 
tion. This  work  has  been  undertaken  largely  in  response 
to  the  constant  calls  from  the  people  to  know  the  value  of 
widely  advertised  new  varieties  put  upon  the  market  with 
extravagant  claims  of  merit  and  at  exorbitant  prices,  nine- 
tenths  or  perhaps  ninety-nine-hundredths  of  which  prove 
of  less  value  than  the  old  established  sorts. 

Fruit  Investigations. 

TJie  Apj)le. 
With  each  succeeding  year  the  fact  is  more  and  more  clear 
that  old  varieties,  from  the  many  conditions  of  cultivation, 
from  increased  injury  by  insects  and  fungous  pests,  grow 
more  feeble  and  are  more  and  more  subject  to  the  continued 
action  of  the  above  agencies ;  and  that  new  varieties  must 
be  found,  that  can  be  more  easily  and  cheaply  grown,  or 
that  will  meet  the  demand  for  fruit  of  better  quality.  The 
Baldwin  apple,  for  so  long  a  time  the  most  profitable  and 
satisfactory  variety  for  market,  has  in  many  places  in  the 
last  two  or  three  years  shown  so  great  a  tendency  to  the 
dry-rot  spots  under  the  skin,  long  before  its  normal  time 
for  the  breaking  down  of  its  tissues  in  the  process  of  ripen- 
ing, that  much  of  its  fruit  put  on  the  market  has  had  the 
efi*ect  of  decreasing  the  demand  and  lowering  the  price; 
while  the  Ben  Davis,  not  nearly  as  good  in  quality,  but 
firm,  fresh  and  solid  from  skin  to  core,  has  been  sold  in  our 
local  markets  to  the  exclusion  of  the  home  product. 
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The  varieties  of  apples  tested  here  and  in  many  other 
sections,  that  stand  out  prominently  as  possessing  those 
qualities  that  will  enable  them  to  successfully  compete  with 
the  winter  varieties  shipped  to  our  markets  from  other 
States,  are  the  Sutton  Beauty,  Palmer,  Macintosh  Red, 
Wealthy  and  Gano. 

Sutton  Beauty.  —  Much  superior  in  quality  to  the  Bald- 
win ;  is  of  similar  color,  perhaps  not  quite  as  large  unless 
thinned,  and  has  not  shown  the  dry-rot  spots  so  common 
in  the  latter  variety.  The  tree  is  vigorous  and  compact 
in  growth,  generally  with  strong,  healthy  foliage,  and  so 
prolific  as  to  require  thinning.  For  local  trade  it  is  one 
of  the  best. 

Palmer.  — An  apple  of  medium  to  large  size,  of  a  golden- 
yellow  color  when  grown  on  trees  in  the  full  exposure  of 
sunlight,  but  of  a  green  color  if  grown  on  closely  planted 
trees.  It  is  of  the  best  quality,  tender,  crisp  and  rich. 
Being  an  apple  of  light  color  and  tender  flesh,  it  should  be 
handled  very  carefully  when  gathered,  and  sold  in  bushel 
boxes,  in  which  it  will  not  be  subjected  to  much  pressure  or 
jolting. 

Macintosh  Red.  —  This  is  one  of  the  most  beautiful  of 
late  fall  and  early  winter  apples,  and,  as  far  as  it  has  been 
tested  in  Massachusetts,  has  done  well,  and  promises  to 
secure  much  of  the  trade  for  fancy  apples  that  demands 
such  varieties  as  the  Fameuse,  or  Snow  apple,  which  is  not 
successfully  grown  in  this  State. 

Wealthy.  —  Generally  this  variety  has  proved  very  satis- 
factory, but  has  only  been  grown  on  young  trees.  Its 
season  of  ripening  is  when  there  is  an  abundance  of  fall 
apples,  but  it  often  keeps  into  early  winter.  It  colors  up 
early,  and  its  beauty,  together  with  its  fine  quality  and 
somewhat  elastic  texture,  not  easily  bruised,  makes  it  a 
good  market  variety,  and  should  make  it  valuable  as  an  early 
shipping  apple  with  which  to  open  the  fall  trade  in  European 
markets,  which  in  the  past  has  been  greatly  injured  by 
shipping  half-ripe  and  poorly  colored  Baldwins,  and  other 
varieties  not  as  well  colored  or  matured  as  the  latter  variety. 
It  has  thus  far  proved  prolific,  an  early  bearer  and  free  from 
disease,  but  will  be  greatly  improved  by  thinning. 
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Ben  Davis.  —  It  has  been  stated  on  good  authority  that 
more  of  this  variety  were  sold  in  the  Boston  markets  and 
on  fruit  stands  during  the  winter  of  1897  than  of  any  other 
kind,  almost  the  entire  amount  of  which  w^ere  imported 
from  the  western  States.  In  quality  and  beauty  this  apple 
is  far  below  any  of  the  varieties  above  mentioned ;  yet  its 
perfect  form,  uniform  size,  good  keeping  qualities,  and 
its  very  lirm,  but  somewhat  elastic  flesh,  render  it  less 
affected  by  handling  and  shipping  than  almost  any  variety 
in  cultivation.  It  is  very  productive,  but,  as  grown  in  New 
England,  unless  thinned,  w^ll  be  of  medium  or  small  size. 
From  its  behavior  thus  far  it  would  seem  that,  if  a  variety 
of  so  poor  quality  is  to  be  demanded  by  our  markets,  it 
may  be  grown  quite  as  successfully  in  many  sections  of  the 
State  as  in  any  other  section  of  the  country.  This,  how^- 
ever,  is  not  necessary ;  for,  if  the  previously  named  varie- 
ties are  well  grown,  there  will  be  no  difficulty  in  securing 
the  local  markets  for  them,  if  they  are  properly  sorted  and 
delivered, 

Gano. — This  variety  was  introduced  as  an  improved  Ben 
Davis,  and,  as  far  as  tested,  has  proved  superior  to  that 
variety  in  color,  and  perhaps  to  a  very  slight  degree  in 
quality.  As  yet  it  has  only  been  produced  on  young  trees, 
so  that  its  real  value  cannot  be  determined  without  many 
years'  further  trial. 

Pears. 
With  the  large  number  of  kinds  of  choice  fruit  that  is 
now  competing  with  the  fruit  grown  in  New  England,  the 
pear  seems  to  be  less  in  demand  than  formcrh\  Fewer 
varieties  also  are  found  profitable  than  a  few  years  ago.  Of 
those  that  stand  at  the  head  of  the  list,  the  Bartlett,  Bosc, 
Sheldon,  Seckle  and  Hovey  are  the  most  generally  grown 
and  bring  the  highest  prices. 

Peaches. 
The  interest  in  peach  growing  in  this  State  seems  on  the 
increase,  and  the  growers  are  coming  to  see  that  it  is  use- 
less   to    plant  the   peach   for   profit  except  on   high   land, 
where  a  moderately  vigorous  growth  can  be  maintained,  and 


14  HATCH   EXPERIMENT   STATION.         [Jan. 

where  the  temperature  is  such  that  the  fruit  buds  mature 
more  fully  and  are  not  so  liable  to  be  destroyed  by  extreme 
cold.  The  varieties  that  are  popular  in  the  market  and  that 
are  most  profitably  and  successfully  grown  are  Crawford's 
Early,  Crawford's  Late,  Old  Mixon,  Elberta  and  Crosby. 
All  of  these  varieties  except  the  Elberta  have  long  been 
grown  in  Massachusetts.  The  latter  is  an  oval  peach  of 
large  size  and  of  a  light-yellow  color,  with  more  or  less 
color  on  the  exposed  side.  It  is  generally  hardy  and  pro- 
ductive, but  the  past  season,  in  a  great  many  sections  of 
this  and  other  States,  was  so  seriously  injured  by  the  "leaf 
curl  "  as  to  endanger  its  vitality.  Should  it  continue  to  be 
attacked  by  this  disease,  it  will  not  long  remain  a  profitable 
variety. 

Plums. 

Many  growers  of  this  fruit  in  the  State  have  become  dis- 
couraged from  the  lack  of  profit  in  the  domestic  plum,  on 
account  of  the  black  knot,  plum  curculio,  leaf  blight  and 
brown  rot.  The  results  obtained  in  the  station  orchards 
give  no  reason  for  such  discouragement.  Trees  of  all  ages, 
from  thirty  years  old  to  those  of  one  or  two  years'  growth, 
may  be  found,  and  almost  every  variety  of  any  value  is  rep- 
resented. Upon  these  trees  will  be  found  hardly  a  knot  to 
the  tree.  No  leaf  blight  appeared  on  the  majority  of  the 
trees,  and  many  varieties  matured  their  fruit  with  little 
or  no  injury  from  the  brown  rot,  while  a  few  others  were 
seriously  injured.  In  the  average  season  the  use  of  the  Bor- 
deaux mixture,  as  recommended  in  the  spraying  calendar 
in  Bulletin  52,  has  been  found  to  prevent  even  the  serious 
injury  of  the  fruit  by  the  brown  rot;  and  the  past  season, 
had  one  or  two  applications  of  the  copper  sulphate  solution 
(one-fourth  pound  to  fifty  gallons  of  water)  been  made  the 
last  of  July  or  in  early  August,  this  loss  might  have  been 
greatly  reduced.  The  black  knot  has  almost  wholly  suc- 
cumbed to  the  treatment  outlined  in  the  bulletin  mentioned, 
and  the  most  healthy  and  vigorous  foliage  is  to  be  found 
upon  all  the  trees.  The  varieties  that  show  the  greatest 
tendency  to  rot  are  Lombard,  Washington,  Gueii,  Smith's 
Orleans  and  Victoria.     Those  that  show  the  least  are  Brad- 
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shaw,  Pripce  Englebert,  Kingston,  Grand  Duke,  Reine 
Claude  and  Fellemberg.  The  amount  of  rotting  of  many 
varieties,  however,  is  largely  dependent  upon  the  weather 
at  the  time  of  their  approaching  maturity,  and  only  prompt 
and  frequent  spraying  at  this  time  will  save  the  crop. 

Of  the  newer  varieties,  those  that  show  the  most  promise 
are  the  Kingston,  Lincoln  and  Fellemberg. 

Kingston. — Fruit  very  large,  oval  in  form,  slightly 
pointed  at  both  ends,  of  the  brightest  blue  color,  firm  in 
texture  and  very  acid  in  quality  ;  ripens  late  in  the  season 
and  hangs  a  considerable  time  on  the  tree  ;  very  productive 
and  valuable  for  canning,  though  it  is  rather  large  for  this 
purpose. 

Lincoln. — Early,  dark  purple,  of  large  size  and  very 
fine  quality ;  fruited  but  two  years  in  the  station  orchards, 
but  it  seems  very  promising. 

Fellemberg .  —  This  seems  identical  with  a  variety  that 
we  have  had  growing  for  nearly  thirty  years  under  the  name 
of  the  German  prune.  It  is  a  regular  biennial  bearer,  but 
never  produces  large  crops.  The  fruit  is  of  medium  to 
large  size,  tapering  at  both  ends.  It  is  of  deep  purple 
color,  a  perfect  freestone  and  of  very  good  quality.  Its 
great  value  lies  in  its  long  keeping  and  its  fine  canning 
qualities. 

The  Jajianese plums ^  from  their  rapid  growth,  great  pro- 
ductiveness, early  bearing  and  attractiveness,  are  being 
quite  largely  planted  in  nearly  all  sections  of  the  country, 
and  promise  to  be  of  considerable  value  to  our  fruit  growers 
who  do  not  succeed  in  growing  the  domestic  varieties.  The 
trees  seem  to  l)c  a  little  less  subject  to  the  ])lack  knot  and 
the  brown  rot,  l)ut  more  subject  to  the  shot-hole  fungus, 
and  are  often  seriously  injured  l)y  the  use  of  the  copper 
solution  and  the  arsenites.  The  fruit  is  attractive,  and 
meets  a  ready  sale  ;  l)ut  whether  the  demand  will  })e  large 
enough  to  keep  up  with  the  increased  planting  that  is  going 
on,  time  only  can  determine.  All  of  the  varieties  of  re- 
ported value  have  been  planted  in  the  station  orchard, 
forty-eight  in  all,  many  of  which  will  fruit  next  .summer  for 
the  first  time,  unless  the  fruit  buds  are  destroyed  by  the 
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cold  winter  weather.  In  some  cases  these  varieties  are 
attacked  by  some  disease  similar  to  the  peach  yellows.  Of 
the  varieties  that  have  been  tested  for  several  years  in 
various  sections  of  the  countr}^  the  Abundance,  Burbank, 
Red  June  and  Satsuma  have  proved  satisfactory.  Of  the 
newer  varieties  that  are  of  very  line  quality  the  Wickson, 
Hale  and  October  Purple  may  be  mentioned. 

TJie  Satsuma  has  not  ripened  here  so  as  to  be  of  much 
value  for  table  use,  but  from  the  deep-red  color  of  its  flesh 
it  is  especially  valuable  for  canning.  It  seems  to  be  weak 
in  self-fertilizing  qualities,  and  needs  to  be  planted  among 
other  varieties  for  the  best  results  in  pollination. 

Cherries. 
The  crop  of  cherries  in  the  station  orchard  would  have 
been  unusually  large  but  for  the  extremely  hot  and  moist 
weather  at  the  time  of  ripening,  which  caused  the  fruit  to  rot 
badly.  The  trees  had  been  regularly  sprayed  with  Bordeaux 
up  to  the  time  when  it  would  disfigure  the  fruit,  but  there 
was  not  a  sufficient  quantity  of  the  copper  from  this  to 
spread  over  the  rapidly  growing  leaves  and  fruit.  From 
results  obtained  here  and  from  reports  received  from  other 
stations,  it  is  probable  that  spraying  thoroughly  immedi- 
atehj  after  each  rain,  as  the  fruit  begins  to  color,  with  the 
copper  solution  (four  ounces  of  copper  sulphate  to  fifty  gal- 
lons of  water),  would  largely  prevent  this  loss.  It  is  urged 
that  the  coming  season  those  engaged  in  growing  cherries 
should  try  this  treatment.  It  must  be  borne  in  mind  that 
the  application  should  be  made  very  soon  after  the  rain 
ceases,  as  the  spores  of  the  brown  rot  germinate  very 
quickly  when  placed  in  moisture,  and  it  is  to  prevent  this 
germination  that  the  application  is  made.  Heavy  rains, 
especially  if  soon  followed  by  dry  weather,  need  be  little 
feared,  as  they  tend  to  wash  the  spores  off"  the  plants,  though 
some  may  gain  a  lodgement  in  the  axils  of  the  leaves  or  in 
the  calyx  of  the  fruit  or  other  places.  The  varieties  most 
satisfactory  were  Governor  Wood,  Napoleon,  Black  Tar- 
tarian and  Early  Richmond. 
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Grapes. 
Perhaps  upon,  no  fruit  crop  grown  in  Xew  England  is 
the  certainty  of  protection  by  spraying  so  great  as  with 
the  grape  crop,  when  properly  done,  and  upon  which  in- 
secticides and  fungicides  arc  so  easily  and  cheaply  ap- 
plied. Campbell's  Early,  the  only  new  variety  fruiting 
that  stands  out  as  decidedly  promising,  produced  fruit  on 
several  young  vines.  The  growth  of  vine  was  satisfactory^ 
the  foliage  free  from  disease,  the  fruit  beautiful  in  appear- 
ance and  of  good  quality.  The  compactness  of  bunch  and 
firmness  of  berry  will  make  it  a  good  shipping  grape,  and, 
if  it  does  not  develop  a  tendency  to  disease,  it  will  be  a 
valuable  addition  to  the  few  varieties  that  can  be  profitably 
grown  in  Xew  England.  It  ripens  as  early  or  perhaps  a 
little  before  Moore's  Early,  and  is  much  superior  in  quality. 
The  varieties  recommended  for  this  section  are  Winchell  or 
Green  Mountain,  Worden  and  Delaware. 

Ourrants. 
There  is  scarcely  another  fruit  the  merits  of  whose  new 
varieties  it  is  so  difficult  to  decide  as  the  currant,  because 
of  its  great  variation  in  size  and  productiveness  under 
different  conditions.  All  the  new  varieties  of  any  prom- 
inence have  been  planted  in  the  station  plots,  and  those 
that  stand  out  prominently  as  possessing  merit  are  the 
Pomona,  AVilder  and  the  Red  Cross  ;  and,  after  three  years 
fruiting,  their  value  seems  to  be  in  the  order  given.  The 
Pomona  may  l)c  mentioned  as  of  especial  value,  l^ecause  of 
its  superior  quality.  We  have  no  records,  however,  to 
show  that  any  of  the  above  varieties  will  be  more  valuable 
for  general  cultivation  than  Fay's  Prolific  or  the  Cherry. 

Blackberries. 
AH  of  the  prominent  new  varieties  have  been  added  to 
the  list  under  trial,  but  none  have  thus  far  shown  them- 
selves to  be  more  valuable  than  the  best  older  sorts, — the 
Agawam,  Snyder  and  Taylor's  Prolific.  On  heavy  soils, 
where  the  growth  is   large  and  furnishes  an  al)undant  soil 
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cover,  thus  keeping  the  ground  cool,  the  first-named  variety 
proves  very  satisfactory ;  but  when  grown  on  light  land  it 
is  of  much  less  value. 

T]ie  Eldorado  continues  to  do  well,  and  compares  favor- 
ably with  the  above-mentioned  varieties  ;  but  whether  it  will 
prove  more  valuable  than  any  other,  can  only  be  determined 
in  large  plantation. 

Raspberries. 

With  the  red  raspberry  there  has  been  little  or  no  prog- 
ress made  in  improved  varieties.  The  Loudon,  which,  from 
its  stocky  growth,  hardiness  and  fruit  of  good  size,  color 
and  quality,  seemed  very  promising,  has  the  past  season 
shown  a  tendency  to  mildew  of  the  leaves  and  young  grow- 
ing canes.  If  this  becomes  general,  it  will  greatly  reduce  its 
value.  The  seedlings  produced  from  the  seeds  of  the  Shaffer, 
and  referred  to  in  a  previous  bulletin,  have  again  fruited,  and 
many  of  them  show  decided  merit,  some  producing  fruit  of 
a  bright  scarlet  color  upon  plants  that  propagate  only  from 
the  tip  of  the  cane,  as  does  the  Shaffer ;  while  others  pro- 
duce fruit  of  the  Shaffer  type  that  propagate  from  suckers, 
like  the  common  red  raspberry. 

Straivherries. 
The  past  season  was  favorable  for  a  large  crop  of  fruit, 
but  the  extremely  wet  weather  at  the  time  of  ripening  caused 
much  loss  by  rotting.  The  named  varieties  were  planted  in 
plots  of  twenty-five  plants  each,  while  the  most  promising 
of  these  are  planted  each  season  in  rows  under  field  culture. 
Of  the  varieties  in  plots  (soil  medium  heavy  loam),  the 
Brandywine,  Gandy  Bell,  Glen  Mary,  Sample  and  Howard's 
No.  14  gave  the  best  results.  Of  those  grown  under  field 
culture,  on  light  land,  the  Clyde,  Cumberland,  Glen  Mary, 
Howard's  Nos.  36  and  41  gave  the  best  results. 

N'ew  Fruits. 
Several  new  species  of  raspberries,  the  strawberry-rasp- 
berry,  Logan-berry,   Salmon-berry,  May-berry,  etc.,  have 
been  planted,   some  of  which  have  fruited,   but  only  two 
seem  to  possess  any  merit  for  this    climate.     The    straw- 


1899.]  PUBLIC   DOCUMENT  — No.  33.  19 

berry- raspberiy  is  an  herbaceous  perennial,  the  top  of  which 
dies  to  the  ground  in  the  winter,  but  is  followed  by  numerous 
shoots  in  the  spring  from  underground  stems,  that  bear  most 
beautiful  wine-colored  fruit  in  abundance.  This  fruit  is  of 
a  peculiar,  insipid,  though  not  unpleasant  flavor,  and  may 
be  the  origin  of  new  varieties  with  a  more  decidedly  pleasant 
taste.  Should  such  varieties  be  produced,  and  a  system  of 
cultivation  be  worked  out  by  which  a  reasonably  certain  crop 
can  be  secured,  it  may  prove  a  valuable  addition  to  our  list 
of  hardy  fruits. 

The  Logan  hemj  resembles  the  common  dewberry  or 
running  blackberry  in  habit  of  growth  and  form  of  fruit ; 
but  the  latter  is  rather  larger,  and  of  a  dark-red  or  mahogany 
color.  It  possesses  a  pleasant  flavor,  but  the  same  obstacle 
to  its  general  cultivation  is  met  as  with  the  dewberry,  —  that 
it  is  difficult  to  devise  a  method  of  cultivation  and  training 
that  will  give  a  large  crop  of  fruit  every  year. 
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KEPORT    OF    THE    CHEMIST. 


DIVISION   OF    FOODS    AND   FEEDING. 


J.   B.   LiNDSEY. 

Assistants,  E.  B.  Holland,  F.  W.  Mossman,  B.  K.  Jones,  P.  H.  Smith,  Jr. 


Part  I.  —  Laboratory  Work. 
Outline  of  Year's   Work. 

Part    II.  —  Feeding    Experiments    and    Dairy 

Studies. 


Part    T  . 


Extent  of  Chemical  Work. 
The  laboratory  work  connected  with  this  department  has 
been  much  increased  during  the  past  year.  We  have  re- 
ceived for  examination  159  samples  of  water,  228  samples 
of  milk,  17  samples  of  butter,  4  samples  of  oleomargarine 
and  81  samples  of  feed  stuff's.  The  work  in  connection 
with  this  and  other  divisions  of  the  Station  has  consisted 
of  the  analysis  of  394  samples  of  milk,  26  samples  of  butter, 
292  samples  of  fodders  and  11  miscellaneous  samples.  In 
addition  to  the  above,  we  have  collected  754  samples  of 
feed  stuff's  under  the  provisions  of  the  feed  law,  of  which 
663  samples  have  been  examined.  This  makes  a  total  of 
1,875  substances  analyzed,  as  against  1,147  in  1897.  There 
have  also  been  carried  on  for  the  Association  of  Official  Agri- 
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cultural  Chemists,  investigations  relative  to  the  best  methods 
for  the  determination  of  potash,  and  of  the  different  ingredi- 
ents in  cattle  foods,  as  well  as  a  study  of  the  most  desirable 
methods  to  be  employed  in  the  estimation  of  sugar.  It  is 
hardly  possi])le  to  express  numerically  the  extent  of  this 
work. 

Character  of  Chemical  Work. 

Wafer.  — We  have  followed  the  same  general  line  of  in- 
vestigation as  in  former  years,  in  the  examination  of  waters 
sent  by  farmers  and  others. 

Whenever  possible  printed  instructions  are  sent  for  sam- 
pling and  sending  the  water.  In  making  a  report  to  the 
party,  a  printed  form  is  used.  Upon  the  form  there  is 
explained  the  meaning  of  the  terms  used,  so  that  every 
one  will  have  at  least  a  general  idea  of  what  the  analytical 
residts  are  meant  to  convey. 

Those  sending  the  samples  have  been  advised  promptly 
w^hether  in  our  judgment  the  water  was  suitable  for  drink- 
ing and  general  domestic  purposes.  Whenever  necessary, 
suggestions  have  been  offered  with  the  hope  of  improv- 
ing the  family  supply.  We  again  caution  everyone  who 
depends  upon  wells  and  springs  for  their  drinking  water 
to  have  all  sink  drains,  etc.,  remote  from  the  well,  and 
to  keep  the  ground  in  the  vicinity  free  from  objectionable 
matter.  Lead  pipes  should  never  be  used  in  drawing  water 
from  wells. 

Milk,  —  Some  of  the  milk  sent  to  the  station  has  been 
from  farmers  who  ship  their  milk  to  the  Boston  market, 
and  having  been  notified  by  the  contractors  that  their  article 
was  below  the  legal  standard,  wished  to  ascertain  if  such 
was  the  fact,  and  if  so,  what  could  be  done  for  its  improve- 
ment. To  such  we  have  given  the  same  advice  as  appeared 
in  our  last  annual  report,  to  which  interested  parties  are 
referred. 

Many  farmers  are  now  sending  occasional  samples  of 
milk,  cream  and  skim-milk  to  the  station,  to  ascertain 
the  amount  of  butter  fat  contained  in  them.  These  pro- 
ducers sell  their  milk  to  creameries,  and  they  are  desirous 
of  knowing  its  quality  for  butter  production.     This  is  a 
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very  encouraging  sign,  for  it  shows  that  the  farmer  really 
wishes  to  know  the  butter-producing  capacity  of  his  cows, 
and  the  efficiency  of  his  separator,  or  Cooley  creamer,  in 
removing  the  fat  from  his  milk.  To  all  who  desire,  printed 
information  is  given,  stating  how  to  ascertain  the  yearly 
butter  capacity  of  dairy  cows. 

Much  of  the  milk  and  butter  analyzed  in  connection  with 
our  own  experiments  has  been  studied  with  a  great  deal  of 
care.  We  have  estimated  the  water,  solids,  fat,  casein,  milk 
sugar,  and  ash  in  a  large  number  of  samples.  We  have  also 
made  a  very  thorough  examination  of  26  samples  of  butter 
fat  produced  by  cows  employed  in  connection  with  our  feed- 
ing experiments.  There  have  been  determined  in  duplicates 
or  triplicates,  volatile  acids,  specific  gravity,  melting  point, 
and  the  iodine  number. 

Cattle  Feeds.  — Our  feed  law  has  now  been  in  operation 
about  one  and  one-half  years.  We  have  made  frequent  in- 
spections covering  the  entire  State,  and  have  published  two 
especially  prepared  bulletins  giving  the  results  of  our  in- 
vestigations. We  have  endeavored  to  make  these  bulletins 
as  practical  as  possible,  and  judging  from  the  way  in  which 
the  bulletins  are  received,  it  is  believed  that  we  have  in  a 
measure  succeeded.  During  the  spring  of  1898  a  consider- 
able quantity  of  adulterated  cotton-seed  meal  was  found  in 
various  sections  of  the  State.  Printed  slips  of  warning 
were  immediately  sent  to  100  newspapers  in  the  State,  and 
a  concise  circular  was  also  mailed  to  every  grain  dealer, 
cautioning  against  its  purchase.  While  meal  of  this  char- 
acter generally  has  a  darker  appearance  than  the  prime 
article,  samples  of  inferior  meal  have  recently  been  found 
having  quite  a  bright  yellow  color.  A  number  of  reputable 
manufacturers  now  print  a  guaranty  upon  every  package, 
and  purchasers  are  strongly  advised  to  buy  only  the  guar- 
anteed article.  The  effect  of  the  feed  law  has  been  to  call 
the  attention  of  all  manufacturers  to  the  necessity  of  brand- 
ing their  products,  and  having  them  run  as  even  as  possible 
in  composition.  Many  of  the  more  reputable  manufacturers 
are  now  placing  a  guaranty  upon  their  feeds,  and  it  is  hoped 
others  will  soon  follow. 
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Many  new  feeds  are  constantly  being  ollered  for  sale  in 
our  markets.  A  number  have  appeared  during  the  year 
1898.  Our  object  is  to  secure  samples  of  these  materials 
promptly,  and  ascertain  their  feeding  and  comparative 
commercial  values.  For  detailed  information  the  reader 
is  referred  to  Bulletins  53  and  56. 

Other  Chemical  Wovlx. — The  analyses  of  feed  stulTs  and 
mailures  in  connection  with  the  numerous  digestion  experi- 
ments carried  on  by  this  division,  involves  a  considerable 
amount  of  time  and  effort,  but  l^ecause  of  this  work  we  are 
enabled  to  state  with  a  reasonable  degree  of  accuracy  the 
feeding  and  commercial  values  of  the  concentrated  feeds 
sold  upon  the  market,  and  of  the  coarse  feeds  produced 
upon  our  farms.  • 

It  is  the  object  of  this  division  to  assist  the  Association 
of  Oflicial  Agricultural  Chemists  as  much  as  possible  in 
perfecting  methods  of  chemical  analyses,  and  in  finding 
out  methods  for  the  estimation  of  the  quantity  and  nutri- 
tive value  of  several  of  the  newer  carl)ohydratcs.  We 
spend  whatever  time  can  be  had  during  each  year  in  work- 
ing along  these  lines,  believing  it  Avill  be  productive  of 
much  good  in  the  future.  During  the  past  year  we  have 
given  attention  to  the  estimation  of  pentosans,  starch  and 
sugar  in  agricultural  plants. 

The  chemical  work  received  from  the  agricultural  division 
has  very  much  increased  during  the  past  year.  This  work 
consists  of  the  determination  of  dry  matter  in  a  large  num- 
ber of  plants,  the  estimation  of  starch  in  potatoes,  the 
analyses  of  feed  stufls  used  in  poultry  experiments,  and  in 
general  fodder  analyses.  This  increased  work  is  now 
severely  taxing  the  resources  of  our  chemical  force. 
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Part   II. 

A.     Cleveland  Flax  Meal  v.  Old-process  Linseed 
Meal  for  Early  Lambs. 

Object  of  the  Experiment. 
It  has  recently  been  claimed,  by  parties  who  grow  early 
lambs  for  market,  that  the  so-called  new-process  linseed 
meal  (Cleveland  flax  meal)  exerted  an  injurious  eifect  upon 
the  young  lamb.  Some  claim  that  this  meal  did  not  favor 
growth,  and  others  that  it  was  the  cause  of  frequent  sudden 
deaths.  On  the  other  hand,  it  was  stated  that  the  old-process 
meal  did  not  have  these  injurious  effects,  but  favored  rapid 
growth  and  fattening.  The  station  was  asked  to  throw 
some  light  on  the  subject,  and  conducted  the  following  ex- 
periment in  the  winter  and  early  spring  of  1898. 

The  Experiment. 

Six  grade  Southdown  ewes  were  brought  to  the  station 
barn  the  first  week  in  February,  and  each  placed  in  a  sepa- 
rate pen  six  feet  wide  by  fifteen  feet  long.  The  pens  were 
separated  by  stout  wire  netting,  thus  enabling  the  animals 
to  see  each  other.  The  ewes  were  all  in  fair  condition,  and 
in  about  two  weeks'  time  began  to  drop  their  lambs.  Each 
lamb  was  weighed  five  days  after  being  dropped. 

Daily  Feed  for  the  Ewes  after  Lambing.  ■ — Two  pounds 
corn  ensilage,  rowen  ad  libitiun,  1  pound  grain  mixture. 
The  grain  mixture*  was  gradually  increased  until  each  ewe 
received  '2\  pounds  daily.  This  grain  feed  was  kept  up  as 
long  as  the  ewes  would  take  it,  and  was  then  gradually 
reduced.  The  grain  mixture,  as  will  be  noticed,  contained 
about  one-third  of  one  of  the  two  kinds  of  linseed  meal. 

Daily  Feed  for  the  Lambs.  — The  pens  were  so  arranged 
that  the  lambs  gained  access  to  a  separate  compartment,  con- 
taining a  mixture  of  grains.  They  soon  learned  to  go  in  as 
soon  as  the  feed  was  placed  in  the  troughs.     It  was  our  aim 

*  The  grain  mixture  consisted  of  7.5  pounds  of  old-process  linseed  or  flax  meal, 
7.5  pounds  of  bran,  5  pounds  corn  meal  and  5  pounds  gluten  feed. 
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to  feed  them  what  they  would  oat  daily  :  grain  mixture 
No.  1,  7.5  pounds  flax  meal  or  old-process  linseed  meal, 
7.5  pounds  bran,  10  pounds  corn  meal. 

After  feeding  this  mixture  for  al)out  two  weeks,  a  second 
was  fed,  as  follows  :  10  pounds  flax  meal  or  old-process 
linseed  meal,  5  pounds  bran,  5  pounds  corn  meal. 

When  the  lambs  each  reached  40  pounds  in  weight,  the 
mixture  was  again  changed  to  :  one-third  flax  meal  or  old- 
process  linseed  meal,  one-third  bran,  one-third  corn  meal. 

It  was  our  object  to  give  the  lambs  as  much  of  each  of 
the  two  linseed  meals  as  they  would  stand,  and  keep  in  a 
healthy,  growing  condition. 

Care  of  the  Lambs. — The  lambs  were  kept  in  the  pens 
with  the  ewes.  As  the  season  advanced,  they  were  allowed 
the  run  of  a  large  yard  in  the  warmer  part  of  sunny  days. 


Record  of 

Growth. 

Flax  Meal  Lambs. 

Number  op  Lamb. 

o 

a   • 

60 
«  3 
.^   OS 

Weight     Five 
Days   after 
dropping 
(Pounde). 

Weight    when 
slaughtered 
(Pounds). 

a 

□ 

a 

0 

Lamb  Xo.  8, 

March         3, 

May      5, 

62 

15.25 

67.00 

51.75 

.83 

Lamb  No.  6, 

March         1. 

May    18, 

78 

10.25 

57.50 

47.26 

.62 

Lamb  No.  7, 

March         1, 

May    25, 

85 

10.50 

53.00 

42.50 

.50 

Lamb  No.  1, 

February  25, 

May    18, 

82 

9.60 

47.50 

38.00 

.46 

Lamb  No.  2, 

February  25, 

May    25, 

89 

9.25 

41.00 

31.75 

.36 

Average, 

- 

- 

79 

10.95 

53.20 

42.25 

.64 

Old-process  Linseed  Meal  Lambs. 


Lamb  No.    6,     . 

February  26, 

April  29. 

63 

11.75 

62.25 

40.60 

.64 

Lamb  No.    3,     . 

February  25, 

May    18, 

82 

11.00 

50.00 

39.00 

.48 

Lamb  No.    4,     . 

February  25, 

May    25, 

89 

8.76 

44.50 

36.75 

.40 

Lamb  No.   9,     . 

March       19, 

June    1, 

74 

10.25 

62.26 

42.00 

.87 

Lamb  No.  10,     . 

March       19, 

June    1, 

74 

9.00 

61.00 

42.00 

.57 

Average,     . 

- 

76 

10.15 

60.00 

39.85 

.63 

Note.  —  Lambs  6  and  7, 1  and  2,  3  and  4,  9  and  10,  were  twins. 
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The  lambs  were  shipped  to  Ira  C.  Lowe  of  Greenfield, 
Mass.,  who  slaughtered  them,  and  reported  on  their  condi- 
tion. He  had  no  knowledo;e  as  to  which  lambs  were  fed  the 
flax  meal  and  which  lambs  were  fed  the  old-process  linseed 
meal  ration.  Lamb  No.  8  was  reported  to  be  of  extra 
quaility.  Lamb  No.  5  next  in  quality  to  No.  8,  and  the 
others  of  fair  quality  only.  Looking  at  the  average  figures 
in  the  above  tables,  it  will  be  seen  that  each  lot  of  five 
lambs  showed  the  same  daily  gain.  Mr.  Lowe  noticed  no 
particular  advantage  in  favor  of  either  lot. 

Results  of  the  Experiment. 

As  a  result  of  our  observations,  we  conclude  :  — 

That  the  flax  meal  had  no  injurious  efiect  either  upon  the 

growth  or  dressed  appearance  of  the  lambs,  and  that  l)oth 

sets  of  lambs  produced  the  same  average  daily  growth,  and 

were  both  in  the  same  average  condition  when  slaughtered. 

Remarks  and  Suggestions. 
It  is  well  known  to  all  growers  of  early  lambs,  that  in 
order  to  secure  a  rapid  growth  of  the  lamb,  the  ewe  should 
be  thrifty,  and  a  good  milker.  A  liberal  feeding  will  aid  in 
keeping  up  a  continuous  flow  of  milk.  The  early  growth 
of  the  lamb  will  depend  very  much  on  the  constitution  it 
inherits,  and  upon  its  success  in  obtaining  a  large  supply  of 
milk.  Easily  digested  nitrogenous  feed  stufls  will  unques- 
tionably assist  in  producing  quick  growth,  but  they  are 
secondary  to  the  milk  supply.  This  is  quite  forcibly  illus- 
trated in  case  of  our  experiments  as  described  above.  Lamb 
No.  8  was  single,  and  its  mother  was  an  excellent  milker. 
The  lamb  was  above  the  average  in  size  and  vigor  when 
dropped.  He  grew  rapidly,  showing  .83  of  a  pound  gain 
per  day.  It  was  noticed  that  this  lamb  did  not  consume  very 
large  amounts  of  grain,  although  he  had  a  constant  oppor- 
tunity. He  derived  the  larger  part  of  the  food  necessary 
for  his  growth  from  his  mother.  Lamb  No.  5  was  also  a 
single  lamb.  He  made  a  very  good  growth,  but  the  ewe 
was  not  as  good  a  milker  as  the  previous  one.  This  lamb 
took  more  grain  than  did  No.  8,  but  was  not  able  to  make  as 
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rapid  growth.  The  other  lambs  were  twins.  They  did  not 
grow  as  rapidly  as  did  the  single  lambs,  because  of  the  lack 
of  milk,  although  they  ate  quite  freely  of  the  grain  mixtures. 
Lambs  Nos.  6  and  7  came  from  a  good  milker,  and  thoy 
were  also  quite  vigorous  and  hearty  eaters. 

In  addition  to  inherited  constitution  and  plenty  of  milk, 
it  is  very  essential,  in  order  to  secure  rapidity  of  growth, 
that  early  lambs  should  l>c  housed  in  a  w^arm,  dry  barn,  and 
have  a  maxinuim  amount  of  sunlight  from  a  southern  ex- 
posure. 

B.    Corn   Meal  v.  Hominy   Meal,  and   Corn   Meal   v. 
Cerealine   Feed  for  Growing  Pigs. 

Experiment      I.  —  Corn  meal  r.  hominy  meal. 
Experiment     IT.  —  Corn  meal  v.  cerealine  feed. 
Experiment  III.  —  Corn  meal  v.  cerealine  feed. 

Objects  of  the  Experiments. 

Skim-milk  is  a  very  valuable  feed  for  growing  pigs.  It 
is  a  digestible,  nitrogenous  feed  stuff.  Of  itself  it  is  not  a 
complete  food,  being  deficient  in  solid  matter  as  well  as  in 
carbohydrates  (starchy  material).  In  order  to  make  a  com- 
plete food,  carbohydrate  feeds  are  necessary  to  properly 
balance  the  daily  ration.  A  combination  of  skim-milk  and 
corn  meal  (1  quart  milk  and  from  3  to  0  ounces  of  meal) 
has  been  found  to  make  a  most  excellent  feed  for  rapid 
growth.  The  object  of  the  above-mentioned  experiments 
was  to  get  at  the  feeding  values  of  hominy  meal  and  cerea- 
line feed,  when  compared  with  corn  meal,  for  this  purpose. 

What  Hominy  Meal  is.  —  Hominy  meal  consists  of  the 
hulls,  germ  and  some  of  the  starch  and  gluten  of  the  corn, 
ground  together.  This  se])aration  is  said  to  l)e  }>roughf 
about  solely  by  the  aid  of  machinery.  The  hard,  llinty 
part  of  the  corn  is  the  hominy,  which  is  used  as  a  human 
food . 

What  Cerealine  Feed  is.  —  This  feed  consists  also  of  the 
hull  and  a  portion  of  the  starch  of  the  corn.  It  contains 
rather  less  of  Iho  slai-ch  llian   docs  the  hominy  meal.      It  is 
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the  by-product  resulting  from  the  preparation  of  the  break- 
fast preparation  known  as  cerealine  flakes.  It  is  very  coarse 
looking,  and  appears  much  like  unground  corn  hulls. 

JResuUs  of  Experiment  a. 

1.  Hominy  meal  produced  5  to  7  per  cent,  more  growth, 
when  fed  to  pigs  in  connection  with  skim-milk,  than  did  corn 
meal.  This  diflerence  was  probably  due  to  the  dryer  condi- 
tion of  the  hominy  meal,  and  nearly  disappears  when  the 
meals  are  compared  on  a  basis  of  dry  matter  they  contained. 

2.  In  view  of  the  fact  that  "Pig  IV.  was  thrown  out  of 
the  experiment,  we  should  hesitate  to  say  that  the  hominy 
meal  had  proved  itself  in  any  degree  superior  to  the  corn 
meal.  This  experiment  would  seem  to  indicate,  however, 
that  pound  for  pound,  as  found  in  the  market,  the  hominy 
meal  is  at  least  fully  as  valuable  as  the  corn  meal. 

3.  In  the  two  experiments  with  cerealine  feed  and  corn 
meal,  the  corn  meal  produced  5  per  cent,  more  growth  than 
did  the  cerealine  feed.  Corn  meal  constituted  but  62  per 
cent,  of  the  dry  matter  of  the  ration  ;  and,  if  62  per  cent, 
of  dry  matter  of  the  ration  in  the  form  of  corn  meal  pro- 
duced a  gain  of  5  per  cent.,  100  per  cent,  of  corn  meal  — 
e.  (/.,  its  full  eflect  —  would  show  an  8  per  cent.  gain. 

4.  We  think  we  are  justified  in  saying  that  corn  meal  is 
from  5  to  possibly  10  per  cent,  more  valuable  than  cerealine 
feed  for  use  in  connection  with  skim-milk  for  growing  pigs. 

5.  Cerealine  feed  might  prove  equal  to  corn  meal  as  a 
feed  for  milch  cows,  as  digestion  experiments  with  sheep 
have  shown  it  to  contain  as  much  digestible  matter  as  corn 
meal.  It  is  very  probable  that  pigs  are  not  able  to  digest 
the  hulls  of  the  corn  as  well  as  other  animals. 

6.  Because  of  the  important  part  played  by  the  individ- 
uality of  the  animal,  we  are  frank  to  confess  that  a  larger 
number  of  pigs  would  ])e  desirable  in  conducting  experi- 
ments of  this  kind.  We  feel  confident,  however,  that  these 
experiments  give  a  fairly  accurate  representation  of  the 
comparative  values  of  the  several  feed  stuffs.^ 
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Experiment  I.  — Corn  Meal  v.  Hominy  Meal. 
Nov.  23,  1896,  to  March  1,  1897  {98  Z^ay.s) .  — Eight 
grade  Chester  White  pigs,  all  of  the  same  litter,  were  pur- 
chased in  October.  They  were  first  fed  skiiii-milk  alone, 
and  finally  divided  into  two  lots,  and  corn  or  hominy  meal 
added  to  the  skim-milk  diet.  Pigs  Nos.  I.  and  II.  were 
together  in  one  pen,  and  so  were  pigs  Nos.  VII.  and  VIII.  ; 
the  others  were  in  separate  pens.  Pig  IV.  was  taken  sick 
during  the  experiment,  and  his  record  is  not  considered. 
Each  pig  was  allowed  from  7  to  10  quarts  of  skim-milk 
daily,  and  from  3  to  6  ounces  of  grain  for  each  (|uart  of 
milk,  the  quantity  depending  on  the  appetite  and  stage  of 
gro^i:h  of  the  animals.  As  the  pigs  advanced  in  age  and 
growth,  the  quantity  of  grain  was  increased,  thus  furnishing 
an  increased  food  supply  and  an  increasing  amount  of  carbo- 
hydrates. 

Total  Feeds  Consumed. 
Corn  Meal  Lot. 


Skim-milk  Consumed. 

Grain  Consumed. 

Number  of  Pig. 

Quarts. 

Pounds. 

Dry 

Matter 

(Pounds). 

Corn  Meal 
(Pounds). 

Dry 

Matter 
(Pounds). 

Pig  No.   v.,  .       .        . 

Pig  No.  VI 

Pigs  Nos.  VII.  and  VIII.,   . 

884.00 

883.00 

1,766.00 

1,927.12 
1,924.94 
3,849.88 

183.08 
182.87 
365.74 

255.44 
255.44 
510.88 

223.25 
223.25 
446.50 

Totals 

Averages, 

3,533.00 
883.25 

7,701.94 
1,925.49 

731.69 
182.92 

1,021.76 
255.44 

893.00 
223.25 

Hominy  Meal  Lot. 


Skim 

MILK  Consumed. 

Grain  Consumed. 

Number  op  Pig. 

Quarts. 

Pounds. 

Dry 

Matter 
(Pounds). 

Hominy 

Meal 
(Pounds). 

Dry 

Matter 

(Pounds). 

Pigs  Nos.  I.  and  II.,     . 
Pig  No.  Ill 

1,768.00 
883.00 

3,854.24 
1,924.94 

366.15 
182.87 

255.06 
256.44 

470.23 
235.40 

Totals 

Averages, 

2,651.00 

883.67 

5,779.18 
1,926.39 

549.02 
183.01 

765.56 
255.19 

706.69 
235.23 
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The  above  tables  show  that  each  lot  of  pigs  consumed 
identical  amounts  of  skim-milk,  and  very  nearly  equal 
amounts  of  grain.  The  hominy  meal  lot  ate  about  12 
l)Ounds  more  of  dry  grain  per  pig,  than  did  the  corn  meal 
lot. 

Total  Gain  in  Live  Weight. 

Corn  Meal  Lot. 


Number  op  Pig. 


Weight  at 
Beginning  of 
Experiment 

(Pounds). 


Weight  at 

End  of 

Experiment 

(Pounds). 


Total  Gain 

in 

Live  Weight 

(Pounds). 


Daily  Gain 

in 

Live  Weight 

(Pounds). 


Pig  No.    V 

Pig  No.  VI 

Pigs  Nos.  VII.  and  Vlll. 

Totals,     . 
Averages, 


54.50 
58.25 
109.25 


167.00 

1 188.50  , 
I  185.25  \ 


222.00 
55.50 


725.00 
181.25 


129.75 
130.25 
243.00 


503.00 
125.76 


1.32 
1.33 

2.48 


5.13 

1.28 


' 

Hominy  Meal  Lot. 

Pigs  Nos.  I.  and  11 

115.50 

387.25 

271.75 

2.77 

Pig  No.  Ill 

57.75 

196.00 

138.25 

1.41 

Totals 

173.25 

583.25 

410.00 

4.18 

Averages,       .... 

57.75 

194.42 

136.66 

1.39 

One  notes  a  very  slight  difference  in  favor  of  the  hominy 
fed  lot,  this  being  caused  perhaps  by  the  slightly  increased 
amount  of  actual  dry  matter  found  in  the  hominy  meal. 

By  referring  to  the  table,  it  will  be  noticed  that  each 
pig  received  223.25  pounds  of  perfectly  dry  corn  meal  and 
235.23  pounds  of  perfectly  dry  hominy  meal. 
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Total  Gain  in  Dressed  Weight. 
Corn  Meal  Lot. 


Number  of  Pig. 

Dressed 
Welgiil  at 

End  of 

Experiment 

(Pounds). 

Computed 

Dressed  Welglit 

at  Beginning 

of  Experiment 

(Pounds). 

Total  Gain  in 

Dressed  Weight 

(Pounds). 

Loss  in  Weight 
in  Dressing 
(Pounds). 

Pig  No.   V 

Pig  No.  VI 

Pigs  No8.  VII.  and  VIII., 

150.50 
154.25 
287.25 

44.52 
47.67 
8S.09 

105.98 
106.58 
198.16 

18.31 
18.17 
18.45 

Totals,  .... 
AverageB, 

592.00 
148.00 

181.28 
45.32 

410.72 
102.68 

54.83 

18.28 

Homii 

ly  Meal  Lot. 

Pigs  N08. 1,  and  II.,  . 
Pig  No.  Ill 

306.00 
152.00 

91.25 
44.79 

214.75 
107.21 

20.89 
22.45 

Totals 

Averages, 

458.00 
152.66 

136.04 
45.35 

321.96 

107.32 

43.34 

21.67 

Dky   Matter  required   to   produce   One   Pound   of   Live   and 
Dressed  Weight. 

Corn  Meal  Lot. 


Number  of  Piq. 


Live  Weight    |  Dressed  Weight 
(Pounds).      I      (Pounds). 


Pig  No.   V 

Pig  No.  VI.,     . 
Pigs  Nos.  VII.  and  VIII., 
Averages,  . 


3.13 

3.84 

3.12 

3.81 

3.34 

4.09 

3.20 


3.91 


Hominy  Meal  Lot. 


Pigs  Nos.  I.  and  II., 
Pig  No.  III.,     . 
Averages,  . 


3.08 
3.03 


3.06 


3.89 
3.90 


3.89 


The  very  s\\<^\\i  clitroroncc  between  the  gains  in  the  two 
lots  is  within  the  limit  of  error. 


32 


HATCH   EXPERIMENT   STATION. 


[Jan. 


Ex-periment  II.  —  Corn  Meal  v.  OereaUne  Feed. 

April  12  to  July  26,  1897  {106  Days).  —The  six  pigs 
used  in  this  experiment  were  grade  Chester  Whites,  about 
five  weeks  old  when  purchased,  March  2.  They  were 
brought  into  separate  pens  April  1,  and  the  experiment 
began  April  12.  Each  pig  was  fed  6  to  9  quarts  of  skim- 
milk  daily,  together  with  3  ounces  of  grain  for  each  quart 
of  milk.  The  amount  of  grain  was  gradually  increased  as 
the  animal  demanded  it,  until  some  4  pounds  daily  were 
fed.     The  milk  never  exceeded  9  quarts  per  day. 

At  the  beginning  of  the  experiment  the  animals  were 
receiving  1  part  protein  to  3  parts  carbohydrates.  The 
ration  was  gradually  widened,  until  towards  the  close  of 
the  experiment  the  nutritive  ratio  was  as  1  to  7.  The  corn 
meal  heated  during  the  latter  part  of  the  experiment,  and 
became  somewhat  musty. 


Total  Feeds  Consumed. 
Corn  Meal  Lot. 


Skim-milk  Consumed. 

Grain  Conbumkd. 

Number  of  Pio. 

Quarts. 

Pounds. 

Dry 

Matter 

(Pounds). 

Corn  Meal 
(Pounds). 

Dry 

Matter 

(Pounds). 

Pig  No.     I 

Pig  No.   II 

PigNo.  Ill, . 

738.00 
V38.00 
738.00 

1,608.84 
1,608.84 
1,608.84 

152.84 
152.84 
152.84 

243.63 
243.63 
243.63 

204.98 
204.98 
204.98 

Totals 

Averages, 

2,214.00 
738.00 

4,826.52 
1,608.84 

458.52 
152.84 

730.89 
243.63 

614.94 
204.98 

Gerealijie  Feed  Lot. 


Skim-milk  Consumbd. 

Grain  Consumed. 

Number  op  Pio. 

Quarts. 

Pounds. 

Dry 

Matter 
(Pounds). 

Cereallne 

Feed 
(Pounds). 

Dry 

Matter 

(Pounds). 

PigNo.  IV., . 

PigNo.    V 

PigNo.  VI 

738.00 
738.00 
738.00 

1,608.84 
1,608.84 
1,608.84 

152.84 
152.84 
152.84 

243.63 
243.63 
243.63 

214.39 
214.39 
214.39 

Totals 

Averages, 

2,214.00 
738.00 

4,826.52 
1,608.84 

458.52 
152.81 

730.89 
243.63 

643.17 

214.39 
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Some  10  pounds  more  dry  cerealine  feed  were  consmned 
per  pig  than  corn  meal  during  the  experiment,  due  to  the 
dryer  condition  of  the  cerealine  feed  when  fed. 


Total  Gain  in  Live  Weight. 
Corn  Meal  Lot. 


Number  op  Pio. 


Weight  at 
Beginoing  of 
Experiment 

(Pounds). 


Weight  at 

End  of 

Experiment 

(Pounds). 


Live  Weight 
(Pounds). 


Daily  Gain 

in 

Live  Weight 

(Pounds). 


Pig  No.     I., . 

Pig  No.    n., . 

PigNo.  III.,  . 

Totals,     . 

Averages, 


51.25 
48.50 
43.25 


188.00 
184.00 
184.25 


143.00 
47.67 


556.25 
185.42 


136.74 
135.50 
141.00 


413.25 
137.75 


1.29 
1.28 
1.33 


3.90 
1.30 


Cerealine  Feed  Lot. 


Pig  No.  IV 

44.00 

175.50 

131.50 

1.24 

PigNo.    V. 

41.00 

170.50 

129.50 

1.22 

Pig  No.  VI 

49.25 

186.00 

136.75 

1.29 

Totals 

134.25 

532.00 

397.75 

3.75 

Averages,        .... 

44.75 

177.33 

132.58 

1.25 

A  slight  gain  in  favor  of  the  corn  meal  lot  is  noted. 


Dry   Matter    required   to   produce   One   Pound   of    Live    and 
Dressed  Weight. 

Coryi  Meal  Lot. 


Number  of  Pio 


Dressed  Weight 
(Pounds]^ 
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The  above  figures  show  a  slight  difference  in  favor  of  the 
corn  meal,  rather  less  dry  matter  in  corn  meal  being  required 
to  make  a  pound  of  growth  than  in  cerealine  feed. 


Experiment  III.  —  Corn  Meal  v.  Cerealine  Feed. 
Oct.  25  to  Jan.  10,  1898  (78  Days).— The  six  pigs 
employed  in  this  experiment  were  a  cross  between  the 
Poland-China  and  the  Chester  White.  They  were  received 
early  in  September,  when  five  weeks  old,  and  allowed  the 
run  of  a  large  pen  out  of  doors  until  October  20,  when  they 
were  placed  in  separate  pens  in  the  feeding  barn,  and  divided 
as  equally  as  possible  into  two  lots.  They  were  in  a  very 
vigorous  condition.  In  this  experiment  the  cerealine  feed 
heated  towards  the  close  of  the  experiment.  It  was  shovelled 
over  and  dried  at  once  when  this  condition  was  observed, 
and  the  exi)eriment  continued.     The  pigs  ate  it  with  seem- 


ing relish  at  all  times. 


Total  Feeds  Consumed. 
Corn  Meal  Lot. 


Skim-milk  CoNstJMED. 

Grain  Consumed. 

Number  of  Pig. 

Quarts. 

Pounds. 

Dry 

Matter 
(Pounds). 

Corn  Meal 
(Pounds). 

Dry 

Matter 

(Pounds). 

Pig  No.  IV . 

Pig  No.   V 

Pig  No.  VI 

468.00 
468.00 
468.00 

1,020.24 
1,020.24 
1,020.24 

96.92 
96.92 
96)92 

226.50 
226.50 
226.50 

197.06 
197.06 
197.06 

Totals 

Averages, 

1,404.00 
468.00 

3,060.72 
1,020.24 

290.76 
06.92 

679.50 
226.50 

591.18 
197.06 

Cerealine  Feed  Lot. 


Skim 

milk  Consumed. 

Grain  Consumsd. 

Number  of  Pio. 

Quarts. 

Pounds. 

Dry 

Matter 

(Pounds). 

Cerealine 

Feed 
(Pounds). 

Dry 

Matter 
(Pounds). 

Pig  No.     I.,          ... 

Pig  No.   II 

Pig  No.  Ill 

468.00 
468.00 
468.00 

1,020.24 
1,020.24 
1,020.24 

96.92 
96.92 
96.92 

226.50 
222.50 
226.50 

201.59 
198.03 
201.59 

Averages, 

468.00 

1,020.24 

06.92 

225.20 

200.40 
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The  amount  of  feed  consumed  by  the  two  lots  is  practi- 
cally identical. 


Total  Gain  in  Live  Weight. 
Corn  Meal  Lot. 


Number  op  Pig. 

Weight  at 

BeglnoiDg  of 

Experiment 

(Pounds). 

Weight  at 

End  of 

Experiment 

(Pounds). 

Total  Gain       Daily  Gain 

in                        in 

Live  Weight    Live  Weight 

(Pounds).         (Pounds). 

Pig  No.  IV 

Pig  No.    V 

Pig  No.  VI 

68.50 
67.75 
66.75 

172.50 
172.00 
173.00 

104.00 
104.25 
106.25 

1.33 

1.34 
1.36 

ToUIb 

Averages 

203.00 
67.67 

517.50 
172.50 

3U.50 
104.83 

4.03 
1.34 

Cerealine  Feed  Lot. 


Pig  No.  I., . 
Pig  No.  II.,  . 
Pig  No.  III.,  . 

Totals,     . 

Averages, 


73.75 
57.25 

68.75 


199.75 
66.58 


169.00 
150.00 
174.00 


593.00 
164.33 


95.25 
92.75 
105.25 


293.25 

97.75 


1.22 
1.19 
1.35 


3.76 
1.25 


Each  pig  in  the  corn  meal  lot  shows  an  average  gain  of  7 
pounds  over  the  cerealine  feed  pigs.  This  might  partly  be 
accounted  for  by  reason  of  the  poor  condition  of  the  cereal- 
ine feed,  already  mentioned. 

Dky   Matter   required   to   produce  One   Pound   Live   and 
Dressed  Weight. 

Cor7i  Meal  Lot. 


Number  of  Pig. 


Dressed  Weight 
(Pounds). 
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The  dry  matter  required  to  produce  a  pound  of  gain  con- 
firms the  results  given  in  the  tables  under  gain  in  live 
weight,  and  shows  that  in  this  experiment  a  pound  of  live 
weight  was  produced  by  ^  of  a  pound  less  of  absolutely  dry 
corn  meal  than  of  dry  cerealiue  feed.  The  conclusions  from 
these  three  experiments  have  already  been  given  on  page  28. 


Composition  of  Feeds  (used  in  Three  Feeding  Experiments) , 


S'H'j" 

Experiment  I.  1 

BXPERIMENT   II. 

Experiment  III. 

Separate 
Ingredients  op 

FEED8. 

GD  MC) 

"a 
1-  a. 

"3  • 

as 

o 

a  I. 

w 

a'S 

T3     . 

fe  a 
£  a, 

*■  a. 

fe  a 

0) 

O 

Water, 

90.50 

12.63 

7.82 

20.00 

14.00 

12.00 

13.00 

11.00 

Protein, 

- 

8.78 

10.59 

8.86 

9.03 

9.55 

9.64 

10.96 

Fat,      . 

- 

4.08 

8.50 

2.18 

2.15 

6.60 

3.59 

6.30 

Extract  matter,  . 

- 

71.73 

65.46 

65.80 

71.68 

65.23 

70.80 

64.55 

Fibre,  . 

- 

1.42 

4.11 

1.82 

1.81 

4.40 

1.70 

4.36 

Ash,     . 

- 

1.36 

3.52 

1.34 

1.33 

2.22 

1.27 

2.83 

Totals,  . 

- 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

C.  The  Cost  of  Pork  Production. 
In  a  section  of  our  State  the  cream  from  the  milk  pro- 
duced upon  the  fjirm  is  sold  to  the  creamery,  and  the  skim- 
milk  is  either  fed  to  pigs  or  calves.  A  large  number  of 
experiments  have  been  made  at  this  station  with  growing 
pigs.  The  pigs  averaged  from  37  pounds  in  weight  at  the 
beginning  of  the  experiments  to  183  pounds  when  slaugh- 
tered.    The  daily  rations  have  been  essentially  as  follows  :  — 

I.  From  5  to  7  quarts  of  milk  per  day ;  and,  beginning 
with  3  ounces  of  corn  meal  to  each  quart  of  milk,  the  grain 
has  been  gradually  increased  to  satisfy  the  appetite  of  the 
animal. 

II.  About  the  same  quantity  of  milk,  and,  instead  of  the 
corn  meal,  other  carbohydrate  foods,  such  as  ground  rye, 
wheat,  hominy  meal,  cerealine  feed  and  oat  feed,  to  satisfy 
appetites. 

III.  About  the  same  quantity  of  milk,  together  with  3 
to   6   ounces   of  corn   meal   to  each  quart   of  milk,   and  a 
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mixture    of  one-third    wheat   bran,    one-third   gluten    meal 
and  one-third  corn  meal,  to  satisfy  appetites. 

More  exact  statements  of  rations  will  be  found  farther  on. 
We  rarely  had  more  than  from  5  to  7  quarts  of  milk  daily 
for  each  pig.  The  animals  did  well  with  this  amount  of 
milk ;  if  they  did  not  secure  this  quantity,  their  growth  was 
noticeably  slower. 

Explanation  of  Tables. 
As  a  result  of  these  various  experiments,  we  have   en- 
deavored to  ascertain  :  — 

1.  The  price  that  skim-milk  has  returned  per  quart. 

2.  The  cost  of  feed  required  to  produce  a  pound  of  live 
or  dressed  weight,  taking  the  various  grains  at  a  reasonable 
range  of  market  prices,  and  allowing  either  \  or  ^  cent  i)cr 
quart  for  the  milk. 

In  tables  I.,  II.  and  III.  will  bo  found  the  results  where 
milk  and  corn  meal  have  been  fed. 

Tables  IV.,  V.  and  VI.  will  show  the  results  where  milk 
and  other  starchy  (carbohydrate)  feeds  have  been  substi- 
tuted for  the  corn  meal,  such  as  hominy  or  cerealine  feeds, 
rye  and  wheat  meals  ("  grain  "). 

Tables  VII.,  VIII.  and  IX.  show  the  results  where  milk 
and  corn  meal  were  fed,  and,  in  addition,  wheat  bran,  gluten 
meal,  etc.  ("  other  grains  "). 

Tables  X.  and  XI.  show  the  average  of  all  the  preceding, 
being  the  results  with  140  pigs,  Aveighing  37  i)ounds  at  the 
beginning,  and  183  pounds  at  the  close  of  the  experiments. 


Table  I.  — JWtV^'  and  Corn 

Meal. 

Feeds  Consumed,  etc. 

Quarts. 

Pounds. 

Total  milk  consumed  by  21  pigs 

Total  corn  meal  consumed  by  21  plg» 

Live  weight,  actually  gained 

Dressed  weight,  calculated 

16,421 

35,797.78 
5,531.10 
3,012.25 
2,409.80 
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Table  II.  —  Price  obtained  for  Skim-milk. 


With  Corn  Meal 

"With  Corn  Meal 

With  Corn  Meal 

AT   $15  PER 

AT  $17.50  PER 

AT   $20  PER 

Ton,  and  Dressed 

Ton,  and  Dressed 

Ton,  and  Dressed 

Pork  at — 

Pork  at  — 

Pork  at  — 

Price  returned 

• 

FOR 

73 

T) 

•."O 

■o 

•o 

m'O 

•a 

■o 

^■0 

Skimmilk. 

a 

£  3 

n 

3 

S  a 
a  9 

»,  3 
2  3 

_  3 

iS  a 

a  3 

Z  3 

a 

»  3 

2  a 
a  3 

a  = 

a  * 

S  O 

a  o 

OJ  o 

Scl, 

aCL, 

OCu 

So, 

□  S-i 

OD^ 

aCn 

ca< 

OIh 

O  <- 

r^  ^ 

O  I. 

^S 

O  u 

r'^  *< 

o  * 

S  o 

«  01 

01    « 

"s 

hS 

g:  c. 

"s 

mS 

>  n. 

>o. 

hS 

ls 

ps. 

OQ 

OD 

Cc, 

m 

OD 

b 

OQ 

02 

Per  quart  (cents). 

.48 

.63 

.77 

.44 

.58 

.73 

.39 

.54 

.69 

Per  100  pounds  (cents) , 

22.02 

28.90 

35.37 

20.19 

26.61 

33.48 

17.89 

24.77 

31.19 

Table  III.  —  Cost  of  Feed  per  Pound  of  Growth  produced. 


Live  Weight 
(Cents). 

Dressed  Weight 

(Cents). 

With  corn  meal  at  $15  per  ton,  and  milk  at  \  cent  per  quart, 

2.74 

3.44 

With  corn  meal  at  $15  per  ton,  and  milk  at  |  cent  per  quart, 

4.11 

5.13 

With  corn  meal  at  $17.50  per  ton,  and  milk  at  \  cent  per  quart, 

2.98 

3.72 

With  corn  meal  at  $17.50  perton,  and  milk  at  ^  cent  per  quart, 

4.33 

5.41 

With  corn  meal  at  $20  per  ton,  and  milk  at  \  cent  per  quart. 

3.21 

4.02 

With  corn  meal  at  $20  per  ton,  and  milk  at  j  cent  per  quart. 

4.59 

5.71 

Table  IV.  — Milk  and  Different  Starchy  Feeds. 


Febdb  Consumed,  etc. 

Quarts. 

Pounds. 

Total  milk  consumed  by  22  pigs 

Total  "  grain  "  consumed  by  22  pigs 

Live  weight,  actually  gained, 

Dressed  weight,  calculated, 

13,163 

28,630 
5,135 
2,597 
2,078 
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Table  V.  —  Price  obtained  for  Skim-milk. 


With  "  Grain  "  at 

With  "  Grain  "  at 

With  "Grain"  at 

$15  PER 

$17.50  PER 

$20  PER 

Ton,  and  Dressed 

Ton,  and  Dressed 

Ton,  and  Dressed 

Pork  at  — 

Pork  at  — 

Pork  at  — 

Prick  kbtubnkd 

FOR 

•a 

■o 

«'° 

T3 

•3 

Tl'O 

T3 

•o 

Skim-milk. 

a 

5  3 

c 

2  D 

a  3 

5  3 

a 

,r,    3 

2  a 

a  3 

-i§ 

a 

m   3 

2  a 
a  3 

c  a 

2  o 

«  o 

»  o 

oZ^ 

nO, 

OOi 

So. 

cCh 

oa^ 

So, 

aft4 

03- 

^% 

g   V 

o  « 

3  !r. 

as 

3  !r 

>  o- 

H  ^ 

>  o. 

>  o- 

M  (^ 

.t>   D. 

>  o. 

H  °' 

?;  a, 

E^ 

OQ 

OQ 

^ 

02 

02 

^ 

OQ 

(S 

Per  quart  (cents), 

.50 

.85 

.81 

.45 

.60 

.76 

.40 

.56 

.87 

Per  100  pounds  (cents), 

22.90 

30.10 

37.10 

20.60 

27.80 

35.10 

18.35 

25.69 

39.91 

Table  VI.  —  Cost  of  Feed  j^^i'  Pound  of  Growth  j^roduced. 


Live  Weight  Dressed  Weight 
(Cents).  (Cents). 


With  "  grain  "  at  $15  per  ton,  and  skim-milk  at  \  cent  per 

quart 

With  "  grain  "  at  $15  per  ton,  and  skim-milk  at  \  cent  per 

quart, 

With  "  grain  "  at  $17.50  per  ton,  and  skim-milk  at  \  cent  per 

quart, 

With  "  grain  "  at  $17.50  per  ton,  and  skim-milk  at  i  cent  per 

quart, 

With  "  grain  "  at  $20  per  ton,  and  skim-milk  at  \  cent  per 

quart, 

With  "  grain  "  at  $20  per  ton,  and  skim-milk  at  h  cent  per 

quart .'       .        . 


3.43 
5.01 
3.75 
5.32 
4.05 
5.63 


Table  VII.  —  Milk,  Corn  Meal,  Bran,  Gluten  Meal,  etc. 


Feeds  Consumed,  etc. 

Quarts. 

Pounds. 

Total  milk  consumed  by  97  pigs, 

Total  corn  meal  consumed  by  97  pjgs, 

Total  "  other  grains  "  consumed  by  97  pigs,    .... 

Live  weight  actually  gained 

Dressed  weight  calculated 

62,319 

135,855 
21,602 
12,663 
15,080 
12,064 
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Table  VIII.  —  Price  obtained  for  Skim-milk. 


With  Corn  Me  ad 

With  Corn  Meal  at 

With  Corn  Meal 

AT  $15  PER  Ton, 

$17.50  PER  Ton, 

AT  $20  PER  Ton, 

"Other  Grains  "  at 

"Other  Grains"  at 

"Other  Grains"  at 

$17.50  PER 

$20  PER 

$22.60  PER 

Ton,  and  Dressed 

Ton,  and  Dressed 

Ton,  and  Dressed 

Price  obtained 

Pork  at  — 

Pork  at — 

Pork  at  — 

roB 

• 

^ 

^ 

^ 

• 

^ 

^ 

^ 

^ 

Skim  MILK. 

-a 

■a 

m'O 

-a 

T3 

m'O 

•o 

•a 

m'O 

_  a 

a 

S  a 

„  ° 

a 

2  o 

a 

a 

S  a 

i»  ^ 

a  3 

S  3 

■B   3 

a  3 

S  3 

!>  !=' 

aP 

S  o 

a  o 

2  o 

a  o 

aP 

2  o 

Sfc 

cCm 

O^i 

V  ^ 

flO^ 

QPh 

ffiCLl 

oa< 

OS^ 

cSs 

d  ^ 

Ss 

a  '^ 

o  S 

a  u 

>  o- 

M  ^ 

?  a. 

>  o- 

M  &• 

g!  o. 

>  CU 

M  ^ 

o  o. 

f^ 

s 

m 

Ed 

cn 

en 

fe 

CD 

03 

Per  quart  (cents), 

.53 

.72 

.92 

.45 

.65 

.85 

.39 

.59 

.78 

Per  100  pounds  (cents), 

24.30 

33.20 

42.10 

21.20 

30.00 

39.00 

18.00 

27.00 

36.00 

Table  IX.  —  Cost  of  Feed  per  Pound  of  Groivth  produced. 


Live  Weight 
(Cents). 


Dressed  Weight 
(Cents). 


With  corn  meal  at  $15  "  other  grains"  at  $17.50  and  milk  at 

4  cent  per  quart 

With  corn  meal  at  $15  "other  grains  "  at  $17.50  and  milk  at 

5  cent  per  quart, 

With  corn  meal  at  $17.50  "  other  grains  "  at  $20  and  milk  at 

4  ct-nt  per  quart, 

With  corn  meal  at  $17.50  "  other  grains  "  at  $20  and  milk  at 

5  cent  per  quart, 

With  corn  meal  at  $20  "  other  grains  "  at  $22.50  and  milk  at 

4  cent  per  quart, 

With  corn  meal  at  $20  "  other  grains  "  at  $22.50  and  milk  at 
J  cent  per  quart 


2.84 
3.87 
3.13 
4.16 
3.41 
4.44 


3.55 
4.84 
3.90 
5.20 
4.26 
5.55 


Table  X.  —  Price  obtained  for  Skim-milk  (All  Experiynents) . 


With  Corn  Meal 

With  Corn  Meal 

With  Corn  Meal 

AND  Other 

AND  Other 

AND  Other 

Starchy  Foods  at 

Starchy  Foods  at 

Starchy  Foods  at 

$15  PER  Ton, 

$17.50  PER  Ton, 

$20  PER  Ton, 

"Other  Grains  "at 

"  Other  Grains  "  at 

"Other  Grains  "at 

$17.50  PER 

$20   PER 

$22.50  PER 

Average  Price 

Ton,  and  Dressed 
Pork  at  — 

Ton,  ano  Dressed 
Pork  at  — 

Ton,  and  Dressed 
Pork  at — 

for  Hkim-milk. 

•a 
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-,  ° 

a 
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in 

GO 

E 

m 

m 

s 

S 

tn 

Per  quart  (cents), 

.50 

.67 

.83 

.45 

.61 

.78 

.39 

.56 

.78 

Per  100 pounds  (cents), 

23.07 

30.73 

38.19 

20.68 

28.14 

35.86 

18.08 

25.82 

35.70 
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Table  XI.  —  Average  Cost  of  Feed  per  Pound  of  Growth  produced. 


Live  Weight 

Dressed  Weight 

(Cents;. 

(Cents) . 

With  corn  meal  at  $15 

"other  graina  "  at  $17.50, 

milk  at  \ 

cent  per  quart,  . 

2.78 

3.47 

With  corn  meal  at  $15 

"other  grains"  at  $17.50, 

milk  nt  ; 

cent  per  quart,  . 

. 

4.00 

4.90 

With  corn  meal  at  $17. 

50  "  other  grains  "  at  $20, 

milk  at  \ 

cent  per  quart,  . 

. 

3.04 

3.79 

With  corn  meal  at  $17. 

50  "  other  grains"  at  $20, 

milk  at  ^ 

cent  per  quart,  . 

. 

4.25 

5.31 

With  corn  meal  at  $20 

"  other  grains  "  at  $22  50, 

milk  at  ^ 

cent  per  quart,  . 

3.63 

4.53 

With  corn  meal  at  $20 

"other  grains"  at  $22.50, 

milk  at  ^ 

cent  per  quart,  . 

4.51 

5.63 

T).     Rations  for  Growincx  Pigs. 
Ration  No.  I. —  With  Unlimited  Supply  of  MilJc. 


Weight  of  Pigb. 


Rations. 


20  to  60  pounds,  . 
60  to  100  pounds,  . 
lOe  to  180  pounds,  . 


3  ounces  of  corn  meal  *  to  each  quart  of  milk. 
6  ounces  of  corn  meal  to  each  quart  of  milk. 
8  ounces  of  corn  meal  to  each  quart  of  milk. 


Ration  No.  II. —  With  Limited  Supply  of  Milk  (5  to  6  quarts  per 

Pig  daily) . 


Weight  of  Pigs. 


Rations. 


20  to    60  pounds,  . 

60  to  100  pounds,  . 

100  to  180  pounds,  . 


[3  ounces  of  corn  meal*  to  each  quart  of  milk,  and  then  gradually  in- 
crease corn  meal  to  satisfy  appetites. 


*  Wheat,  rye  or  hominy  meals  can  be  substituted  for  corn  meal. 


Ration  No.  III. 


Wbioht  of  Pigs. 

20  to    60  pounds,  . 

60  to  100  pounds,  . 

100  to  180  ponnda,  . 


Rations  . 


Milk  at  disposal,  plus  mixture  of  one-third  corn  moal,  one-third  wheat 
bran  and  onothird  Klulen  meal,  to  Hulinfy  appetites. 

Milk  at  dlnpoHal,  pluH  mixture  of  one  hall  corn  meal,  one-quarter  wheat 
bran  and  one  quarter  gluten  meal,  to  siitUfy  appetites. 

Milk  at  disposal,  plus  mixture  of  two-thirds  corn  meal,  one-sixth 
wheat  bran  and  oue-eixth  gluten  meal,  to  satisfy  appetites. 
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REPORT   OF   TPIE   AGRICULTURIST. 


WM.   P.  BROOKS  ;    ASSISTANT,   H.  M.  THOMSON. 


Soil  Tests. 
During  the  past  season  four  soil  tests  upon  the  co-opera- 
tive plan  agreed  upon  in  Washington  in  1889  have  been 
carried  out.  Two  of  these  were  upon  our  own  grounds,  — 
one  with  corn  and  the  other  with  onions  as  the  crop ;  one 
in  Norwell,  Plymouth  County,  with  oats ;  and  one  in 
Montague,  Franklin  County,  also  with  oats. 

1.  Soil  Test  iDitli  Corn.  A.mherst. 
The  past  is  the  tenth  season  that  the  experiment  on  this 
field  has  been  in  progress.  The  crops  in  order  of  rotation 
have  been  corn,  corn,  oats,  grass  and  clover,  grass  and 
clover,  corn  followed  by  mustard  as  a  catch  crop,  rye,  soy 
beans,  white  mustard,  and  this  year  corn  once  more.  Dur- 
ing all  this  time  four  of  the  fourteen  plots  into  which  the 
field  is  divided  have  received  neither  manure  nor  fertilizer ; 
three  have  received  but  a  single  important  manurial  element, 
—  every  year  the  same  ;  three  have  received  each  year  two 
important  elements  ;  one  has  received  all  three  yearly  ;  and 
one  each  has  received  yearly  lime,  plaster  and  farm-yard 
manure.  It  will  be  seen  that  the  greater  part  of  the  field 
has  remained  either  entirely  unmanured  or  has  had  but  a 
partial  manuring,  and  it  will  be  readily  understood  that  the 
degree  of  exhaustion  of  most  of  the  plots  is  considerable. 
The  nothing  plots  produce  this  year  an  average  of  about 
twelve  bushels  of  shelled  corn  per  acre  ;  and  even  this  figure 
is  somewhat  too  high,  owing  to  the  fact  that  after  this  long 
period  one  of  the  nothing  plots  which  adjoins  the  plot  which 
has  ])een  yearly  manured  at  the  rate  of  five  cords  per  ^cre 
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begins  to  feel  the  etiect  of  the  high  fertility  of  its  neighl)or, 
although  separated  from  it  by  a  strip  three  and  one-half  feet 
Avide. 

The  single-clement  plots,  one  receiving  nitrate  of  soda 
only  yearly,  another  phosphoric  acid  and  the  third  potash, 
give  this  year  practically  equal  crops  of  grain,  respectively 
at  the  rate  of  20. G,  18.5  and  19.8  bushels  \wr  acre.  The 
nitrate  of  soda  and  dissolved  bone-black  give  a  crop  at  the 
rate  of  32  bushels  per  acre,  while  nitrate  of  soda  and  potash 
give  at  the  rate  of  but  10.9  bushels.  The  dissolved  bone- 
black  and  muriate  of  i)otash  do  much  better,  yielding  at  the 
rate  of  41.2  bushels.  The  fertilizer  supplying  nitrogen, 
phosphoric  acid  and  potash  gives  a  cro})  of  55.9  bushels, 
wliile  manure  gives  07. 7  bushels. 

It  may  be  remembered  that  in  each  of  the  three  previous 
years  in  Avhich  this  field  has  produced  corn  the  muriate  of 
potash  has,  whether  singly  or  in  any  combination,  proved 
much  more  useful  than  either  of  the  other  fertilizers  used. 
There  is  much  evidence  in  the  behavior  of  the  crops  this 
year,  during  the  growing  season  and  in  the  results,  that  this 
salt  is  proving  injurious  in  its  chemical  effect  upon  the  soil. 
I  believe  this  eftect  to  be  a  loss  of  lime  in  the  form  of 
chloride  by  leaching,  but  cannot  regard  this  as  yet  proven. 
I  will  present  the  facts  ai)parently  bearing  upon  the  case, 
and  leave  full  discussion  to  a  later  report. 

1.  During  the  early  part  of  the  growing  season  the  corn 
upon  all  the  plots  which  had  received  muriate  of  potash  was 
distinctly  behind  that  upon  other  plots. 

2.  As  the  season  advanced,  the  corn  upon  these  plots 
gradually  lost  its  sickly  appearance,  gained  upon  that  in  the 
other  plots,  eventually  excelling,  in  the  case  of  the  plot  re- 
ceiving nitrogen,  phosphoric  acid  and  potash,  that  in  all 
other  plots  excei)t  the  manure  plot. 

3.  This  unhealthy  appearance  of  the  corn  early  in  the 
season,  followed  by  great  improvement  later,  is  analogous 
to  effects  noticed  in  other  experiments,*  where  chlorides 
have  been  used,  and  where  liming  the  land  has  remedied  the 
faulty  condition. 

•  l"or  example,  Plot  6,  Field  A.    See  report  State  Experiment  Station  for  1896. 
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4.  On  that  plot  receiving  dissolved  bone-black  as  well  as 
muriate  of  potash,  the  crop  was  in  the  end  a  good  one.  As 
is  well  known,  the  dissolved  bone-black  contains  a  large 
amount  of  sulphate  of  lime.  It  is  believed  that  this  may 
take  the  place  of  the  lime  leached  from  the  soil  as  a  conse- 
quence of  the  use  of  the  muriate  of  potash,  or  at  least  that  it 
corrects  in  some  way  the  faulty  condition  consequent  upon 
the  use  of  this  salt.  It  may  here  be  pointed  out  that  a 
similar  corrective  influence  is  evident  in  the  results  obtained 
both  in  1897  and  1898  upon  our  other  home-test  acre,  which 
will  immediately  be  discussed. 

It  is  of  interest,  further,  to  point  out  that  the  crop  this 
year  upon  the  lime  plot  was  not  quite  equal  to  the  average 
of  the  nothing  plots,  while  that  of  the  plaster  plot  (sulphate 
of  lime)  was  about  dou})le  that  of  the  lime  plot.  In  the 
earlier  years  of  this  soil  test  the  yield  of  neither  the  lime  nor 
the  plaster  plot  ever  exceeded  that  of  the  nothings,  but  for 
the  past  three  years  the  plaster  plot  has  been  relatively  gain- 
ing. The  exjjlanation  of  this  difference  between  the  effect 
of  plaster  and  lime  is  not  apparent.  It  will  be  made  the  sub- 
ject of  future  study. 

Conclusions. 

1.  The  yield  of  the  plot  which  for  ten  years  has  received 
only  phosphoric  acid  and  potash  (41.2  bushels  per  acre) 
illustrates  in  a  striking  way  the  comparative  independence 
of  the  corn  crop  of  supplied  nitrogen  upon  tliis  soil. 

2.  The  crop  raised  where  nitrogen,  phosphoric  acid  and 
potash  have  been  yearly  applied  (nitrate  of  soda,  dissolved 
bone-black  and  nuiriate  of  potash)  for  ten  years  shows  that 
profitable  results  may  be  obtained  by  the  use  of  fertilizers 
alone.  The  yearly  cost  of  the  application  to  this  plot  has 
been  from  $10  to  $12.  The  crops  have  not  been  much  in- 
ferior to  those  on  the  plot  to  wliich  manure  at  the  rate  of  5 
cords  per  acre  has  been  yearly  applied.  The  two  crops  this 
year  are,  respectively :  for  the  fertilizer,  55.9  bushels;  for 
the  manure,  67.7  bushels.  The  extra  11  bushels  of  corn 
will  not  cover  the  added  cost  of  the  manure,  as  compared 
with  the  fertilizer;  and  in  earlier  years  the  difi*erences  in 
yield  have  been  relatively  much  smaller  than  this  year. 
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3.  The  problems  suggested  by  the  results  of  the  year 
must  be  regarded  as  the  most  valuable  product  of  this  ex- 
periment. These  problems  are  not  solved.  Their  solution 
will  throw  important  light  upon  methods  to  bo  employed  in 
compounding  and  selecting  fertilizers. 

2.     Soil  Test  loith  Onions.     Amherst. 

This  experiment  occupied  a  field  which  has  been  employed 
in  work  of  this  kind  for  nine  years,  the  several  plots  hav- 
ing been  every  year  manured  alike,  as  described  under  the 
"Soil  test  with  corn."  The  crops  in  the  order  of  rotation 
have  been  :  potatoes,  corn,  soy  beans,  oats,  grass  and  clover, 
grass  and  clover,  cabbages  and  rutabaga  turnips,  and  pota- 
toes. The  land  was  ploughed  in  the  fall  of  1897,  and  sown 
with  winter  rye  as  a  cover  crop.  The  rye  was  turned  in 
before  it  had  made  much  of  a  spring  growth,  April  21. 
Fertilizers  were  employed  this  year  in  double  the  usual 
quantities;  viz.,  nitrate  of  soda  at  the  rate  of  320  pounds; 
dissolved  bone-black,  640  pounds ;  and  muriate  of  potash, 
320  pounds,  per  acre.  These  fertilizers  are  each  used  upon 
one  plot  singly,  in  pairs,  and  upon  one  plot  all  three  to- 
gether. 

The  seed  was  sown  in  the  customary  manner,  but  more 
thickly,  on  May  9.  Germination  was  prompt  and  perfect. 
The  development  of  the  crop  throughout  the  season  was 
most  suggestive  in  problems  for  future  solution.  At  the 
start  plants  upon  the  four  plots,  potash  alone,  potash  and 
bone-black,  potash  and  nitrate,  and  potash  with  both  bone- 
black  and  nitrate,  were  much  ahead  of  those  on  the  plots  not 
manured  with  potjish.  There  was  every  indication  that  this 
element  would  almost  entirely  control  the  crop,  for  there 
was  good  growth  wherever  potash  was  applied,  and  Init 
feeble  growth  elsewhere.  The  potash  plots,  however,  after 
about  four  weeks,  began  to  lose  their  superiority ;  and  it 
was  not  long  ere  many  of  the  plants  upon  these  plots  be- 
came manifestly  very  unthrifty,  and  before  the  end  of  the 
season  many  of  them  had  died.  Meanwhile,  the  i^hosphoric 
acid  plots  began  to  gain;  and  the  results  show  that  this, 
more  than  cither  the   nitrogen  or  the  potash  supply,   con- 
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trolled  the  product.  The  crop  was  very  light,  however, 
even  upon  the  best  plot,  which  was  at  the  rate  of  116.9 
bushels  per  acre,  upon  the  plot  receiving  nitrate  of  soda  and 
dissolved  bone-black.  Upon  the  plots  receiving  these  two 
fertilizers  and  muriate  of  potash  the  crop  amounted  to  only 
16.3  bushels  per  acre.  Here  is  strong  evidence  that  the 
muriate  of  potash  has  produced  in  the  soil  of  this  field  con- 
ditions absolutely  prejudicial  to  the  growi:h  of  the  onion. 

Last  year  this  field  was  in  potatoes  under  the  same  sys- 
tem of  manuring,  but  with  half  the  quantities  employed  this 
year.  The  crop  of  potatoes  on  the  nitrate  and  bone-black 
was  much  heavier  than  on  these  two  and  potash,  and  in  com- 
menting upon  this  fact  in  my  annual  report  I  wrote  :  ' '  The 
apparent  superiority  of  the  phosphoric  acid  and  nitrogen  is 
chiefly  due  to  the  fact  that  the  plot  to  which  these  two  ele- 
ments alone  were  applied  was  for  some  reason  (not  believed 
to  be  the  eflfect  of  the  fertilizer  alone)  nearly  twice  as  great 
as  that  upon  any  other  plot.  Had  the  crop  w^here  the  pot- 
ash was  added  to  the  nitrogen  and  phosphoric  acid  been 
better  or  even  as  good  as  that  where  the  phosphoric  acid  and 
nitrogen  alone  were  used,  we  should  be  justified  in  the  con- 
clusion that  nitrogen  and  phosphoric  acid  are  the  elements 
chiefly  required.  The  crop  where  all  three  elements  were 
combined  was,  however,  much  inferior  to  that  where  the 
nitrogen  and  phosphoric  acid  were  used  without  potash. 
We  must,  therefore,  conclude  that  some  disturbing  factor, 
at  present  unknown,  influenced  the  results." 

In  view  of  the  similar  relative  results  upon  the  two  plots 
under  discussion  this  year,  I  am  now  forced  to  conclude 
that  I  was  mistaken  last  year  in  supposing  that  the  superi- 
ority of  the  plot  receiving  nitrogen  and  phosphoric  acid 
only  was  not  "  the  efiect  of  the  fertilizer  alone." 

I  now  believe  that  the  muriate  of  potash  has  proved 
actually  injurious  to  the  last  two  crops,  and  that  the  expla- 
nation (the  loss  of  lime  which  it  causes)  already  suggested 
accounts  for  this  effect. 
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The  Proper  Course  as  regards  Potash  Supply. 

What,  then,  in  view  of  such  results,  are  we  to  recom- 
mend? Clearly  not  to  cease  using  potash, — we  have  been 
unable  to  raise  good  crops  without  it.  It  is  believed  the 
remedy  will  be  found  in  one  of  three  directions;  viz.,  (1) 
the  occasional  liberal  use  of  lime  where  muriate  of  potash  is 
employed;  (2)  the  use  of  other  potash  salts,  such  as  car- 
bonate or  sulphate ;  or  (3)  the  employment  of  wood  ashes 
as  a  source  of  potash.  Should  potash  be  supplied  in  the 
form  of  either  carbonate  or  sulphate,  lime  leaches  from  the 
soil  much  less  rapidly ;  the  same  is  true  of  ashes,  and  these, 
moreover,  supply  much  lime.  This  entire  question,  how- 
ever, demands  further  experimental  study,  and  I  am  not  at 
present  prepared  to  give  definite  advice  upon  this  point. 

Again,  in  conclusion  it  may  be  said  the  most  profital)le 
results  of  the  year's  work  are  the  suggestions  for  fixture  lines 
of  work,  which,  being  completed,  must  throw  much  needed 
light  upon  the  problems  connected  with  the  use  of  fertilizers. 

3.      Soil  Test  ivith  Oats.     JVorioell. 

The  past  was  the  third  season  of  soil  test  work  upon  this 
acre,  the  two  preceding  crops  having  both  been  corn.  The 
results  with  'l)oth  of  the  tests  with  corn  have  indicated  a 
strong  demand  for  potash  by  corn  on  this  soil.  These 
results  were  thus  in  entire  agreement  with  those  obtained 
in  almost  all  of  the  large  number  of  soil  tests  with  this  crop 
that  during  the  past  ten  years  have  been  carried  out  under 
my  direction  in  all  the  counties  of  the  State. 

The  results  the  past  season  with  oats  seem  also  to  be  in 
general  accord  with  results  previously  obtained  in  other 
sections  with  this  crop.  This  is  not  shown  clearly  by  the 
figures  giving  the  yields,  for  the  reason  that  excessive  rains 
flooded  parts  of  the  field  which  is  nearly  flat  soon  after  the 
seed  was  sown,  rendering  germination  poor  and  uneven. 

From  examination  during  the  growing  season  I  feel  certain 
that  in  this  experiment  it  was  the  nitrate  of  soda  which  most 
largely  benefited  the  crop.  The  crop  on  dissolved  bone- 
black  was  at  the  rate  of  9.7  bushels  per  acre;  on  dissolved 
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bone-black  and  nitrate  of  soda  it  was  13  bushels.  On 
muriate  of  potash  the  crop  was  10  bushels;  on  the  muriate 
and  nitrate  of  soda  it  was  13.6  bushels.  On  the  bone-black 
and  muriate  of  potash  the  crop  was  at  the  rate  of  9.8  bushels 
per  acre ;  on  these  two  fertilizers  and  nitrate  of  soda  it  was 
17.8  bushels.  The  soil  is  clearly  in  need  also  of  both  phos- 
phoric acid  and  potash  for  good  crops,  although  the  figures 
of  this  year  afford  no  certain  index  to  its  condition,  owing 
to  the  damage  by  water  above  mentioned. 

4.      Soil  Test  with  Oats.     Montague. 

The  present  is  also  the  third  season  of  soil  test  work 
upon  this  soil,  the  preceding  crops  having  been  corn,  which, 
owing  to  accidental  conditions,  did  not  give  decisive  results. 
The  experiment  of  the  past  season  is  eminently  satisfactory. 
The  five  nothing  plots  have  given  fairly  even  crops,  varying 
from  18.8  to  24.4  bushels  per  acre  of  grain,  averaging  21.5 
bushels  ;  while  the  straw  yield  has  varied  on  these  plots  from 
1,470  to  1,830  pounds,  averaging  1,554  pounds,  per  acre. 
The  crop  on  nitrate  of  soda  alone  was  30.3  bushels  of  grain 
and  2,210  pounds  of  straw;  on  dissolved  bone-black,  24.4 
bushels  and  1,550  pounds;  on  muriate  of  potash,  21.3 
bushels  and  1,470  pounds.  This  marked  increase  on  the 
nitrate  of  soda,  as  compared  with  the  almost  complete  ab- 
sence of  effect  of  the  other  fertilizers  used  alone,  is  striking. 

The  dissolved  bone-black  and  muriate  of  potash  together 
gave  23.8  bushels  of  grain  and  1,810  pounds  of  straw. 
Again  we  see  practically  no  effect ;  but  when  we  use  ni- 
trate of  soda  with  these  two  fertilizers,  we  have  a  crop  of 
31.3  bushels  of  grain  and  2,710  pounds  of  straw.  Nitrate 
of  soda  with  muriate  of  potash  gives  30.3  bushels  and  2,350 
pounds,  and  with  dissolved  bone-black  it  gives  31.3  bushels 
and  2,330  pounds. 

It  will  be  seen,  then,  that  in  this  experiment  it  was  the  ni- 
trate of  soda  alone  which  proved  effective.  Alone  and  in  all 
its  combinations  it  gave  a  large  increase  in  crop,  and  in  all 
cases  practically  the  same.  The  average  increase  apparently 
due  to  the  use  of  this  fertilizer  amounted  to  8  bushels  of 
grain  and  804  pounds  of  straw.     The  average  increases  aj> 
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parently  due  to  the  use  of  dissolved  bone-black  were  2.1 
bushels  of  grain  and  193.4  ])ounds  of  straw;  those  appar- 
ently due  to  the  muriate  of  i)otash  were  1  bushel  of  grain 
and  175  pounds  of  straw. 

Manure  at  the  rate  of  5  cords  per  acre  gave  about  806 
])ounds  more  straw,  but  only  .7  bushels  more  grain  than 
the  complete  fertilizer,  costing  some  $13  per  acre  less; 
and  the  manure  crop  did  not  indeed  surpass  the  crop  on 
nitrate  of  soda  alone  in  much  greater  degree.  The  latter 
application  cost  $3.20  per  acre,  while  the  manure  can 
scarcely  be  estimated  at  less  than  $25. 

This  Montague  experiment  is  one  of  the  most  perfectly 
satisfactory  in  a  long  series  of  such  experiments  ;  and  it  is 
a  pleasure  to  see  that  its  teaching  as  to  the  value  of  nitrate 
of  soda  for  the  oat  crop  is  so  entirely  in  agreement  with 
that  of  other  experiments  with  this  crop. 

For  convenience  is  appended  a  statement  giving  the  ar- 
rangement of  plots  and  the  system  of  manuring  in  nearly  all 
our  soil  test  work,  which  now  extends  over  ten  seasons  :  — 

Plot    1,  nothing. 

Plot    2,  nitrate  of  soda,  160  pounds  per  acre. 

Plot    3,  dissolved  bone-black,  320  pounds  per  acre. 

Plot    4,  nothing. 

Plot    5,  muriate  of  potash,  160  pouuds  per  acre. 

p,   ,     ^    f  nitrate  of  soda,  160  pounds  per  acre. 

'  (  dissolved  bone-black,  320  pouuds  per  acre, 
p,   .     r-   j  nitrate  of  soda,  160  pounds  per  acre. 

'  1  muriate  of  potash,  160  pouuds  per  acre. 
Plot    8,  nothing, 
p,   ,     Q   j  dissolved  bone-black,  320  pouuds  per  acre. 

'  (  muriate  of  potash,  160  pounds  per  acre. 

!  nitrate  of  soda,  160  pouuds  per  acre, 
dissolved  bone-black,  320  pouuds  per  acre, 
muriate  of  potash,  160  pouuds  per  acre. 
Plot  11,  plaster,  160  pounds  i)er  acre. 
Plot  12,  nothing. 

Plot  13,  manure,  5  cords  per  acre. 
Plot  14,  lime,  160  pounds  per  acre. 
Plot  15,  nothiug. 


52  HATCH   EXPERIMENT   STATION.         [Jan. 

Manure  Alone  v.  Manure  and  Potash. 

An  experiment  in  continued  corn  culture  for  the  com- 
parison of  an  average  application  of  manure  with  a  smaller 
application  of  manure  used  in  connection  with  muriate  of 
potash  was  begun  in  1890.  A  full  account  will  be  found  in 
the  annual  reports  of  1890-95,  and  in  the  latter  year  a 
general  summary  of  the  results  is  given. 

The  land  used  in  this  experiment  was  seeded  with  a  mix- 
ture of  timothy,  red-top  and  clover  in  the  standing  corn 
of  1896.  A  good  stand  of  grass  and  clover  was  secured, 
although  the  latter  was  rather  unevenly  developed  in  different 
parts  of  the  field,  suggesting  a  possible  lack  of  thoroughness 
in  mixing  the  seeds. 

No  manure  or  potash  was  used  in  1897.  The  field  in- 
cludes four  plots,  of  one-fourth  an  acre  each.  The  average 
results  for  1897  are  shown  below :  — 

Plots  1  and  3  (manure  alone,  6  cords  per  acre,  1890-96)  :  hay, 
1,403|^  pounds  ;  rowen,  784  pounds. 

Plots  2  and  4  (manure,  3  cords  per  acre,  1890-92  ;  4  cords, 
1893-96 ;  and  potash,  160  pounds  per  acre)  :  hay,  961^  pounds  ; 
rowen,  536|  pounds. 

This  field  was  continued  in  grass  and  clover  during  the 
present  season,  but  manure  and  potash  were  applied  as 
shown  below :  — 

Plot  1,  manure,  1  cord;  weight,  5,087.5  pounds, 
p,   ,  f^   I  manure,  .5  cord;  weight,  2,712.5  pounds. 

'  1  muriate  of  potash ;  weight,  40  pounds. 
Plot  3,  manure,  1  cord;  weight,  5,372.5  pounds, 
p,   ,   ,    f  manure,  .5  cord;  weight,  2,855  pounds. 

'  1  muriate  of  potash  ;  weight,  40  pounds. 

The  manure  applied  to  each  plot  was  sampled  and  analyzed, 
and  from  the  analyses  the  amounts  of  the  three  most  essential 
elements  of  plant  food  applied  per  acre  were  calculated,  with 
results  shown  below  :  — 
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Manurial  Ingredients  per  Plot. 


Nitrogen 
(Pounds). 


Phosphoric 

Acid 
(Pounds). 


PoUsh 
(Pounds). 


Plot  1,    in  manure. 

Plot  2   i  '°  naanure, 

'  j  In  muriate  of  potash, 

Plot  3,    In  manure, 

Plot  4   \  '°  naanure, 

'  (  in  muriate  of  potash. 


20.9 
11.4 

22.0 
15.1 


14.2 
6.2 

15.0 
9.7 


19.9  r"'-' 


18.0, 
19.9' 


The  manure  was  ai)plie(l  on  Ajn-il  1,  the  niuriate  of  potash 
to  plots  2  and  4  on  April  9. 

During  the  later  growth  of  the  mixed  o-rasses  and  clovers 
upon  these  plots  it  was  plainly  evident  that  the  clover  was 
relatively  more  prominent  upon  plots  2  and  4.  The  first 
crop  was  cut  on  June  20  ;  the  second,  on  August  2G,  and 
both  were  secured  in  excellent  condition. 


Yield  per  Plot. 


Plots. 


Hay 

(Pounds). 


Rowen 
(Pounds). 


Plotl, 
Plot  2, 
Plot  3, 
Plot  4, 


1,393 
1,120 
1,460 
1,497 


840 
730 
810 
830 


Average  Yield  per  Acre. 


Plots  1  and  3  (manure  alone), 
PlotB  2  and  4  (manure  and  potash), 


5,710 
5,235 


3,300 
3,120 


Combining'  the  figures  showing  the  yields  in  hay  and 
rowen,  we  find  that  the  average  of  plots  1  and  3  is  at  the 
rate  of  9,010  pounds  per  acre  ;  and  of  plots  2  and  4,  8,355 
pounds.  There  is,  then,  a  diftcrence  of  055  pounds  only  in 
total  yields  per  acre,  in  favor  of  the  large  application  of 
manure  alone.  This  amount  is  quite  insufticient  to  cover 
the  larger  cost  of  the  acre  application  ($G.80  in  the  case  of 
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the  manure  alone).  This  field  has  now  been  broken  up, 
and  will  next  year  be  put  once  more  into  corn,  when  it  is 
believed  the  beneficial  effect  of  the  larH:e  srowth  of  clover 
upon  plots  2  and  4  will  become  apparent. 

"Special"    Corn   Fertilizer   v.  Fertilizer   Richer   in 

Potash. 

This  experiment  was  begun  with  a  view  to  comparing  the 
results  obtained  with  a  fertilizer  proportioned  like  the  aver- 
age ^^  special"  cotii  fertilizers  found  upon  the  markets  in 
1891  with  those  obtained  with  a  fertilizer  richer  in  potash, 
but  furnishing  less  nitrogen  and  phosphoric  acid. 

Corn  was  grown  during  each  of  the  years  from  1891  to 
1896  inclusive.  From  1891  to  1895  it  was  found  that  the 
fertilizer  richer  in  potash  gave  the  more  profitable  results. 
In  1896  there  was  no  practical  difference.  It  was  decided 
during  the  season  of  1896  that  it  might  be  possible  to  derive 
a  greater  benefit  from  the  larger  quantity  of  potash  applied 
to  two  of  the  four  plots  if  grass  and  clover  should  be  grown 
in  rotation  with  the  corn.  Accordingly  the  land  was  seeded 
with  a  mixture  of  timothy,  red-top  and  clover  in  the  stand- 
ing corn  in  July,  1896.  The  field  is  divided  into  four  plots 
of  one-fourth  of  an  acre  each.  The  materials  supplied  to  the 
several  plots  are  shown  in  the  following  tal)le  :  — 


Fertilizers. 


Plots  1  and  3        Plots  2  and  4 
(Pounds  Each) .  (Pounds  Each) . 


Nitrate  of  soda, 

Dried  blood,     . 

Dry  ground  fish, 

Plain  superphosphate,     . 

Muriate  of  potash,   . 

Cost  of  materials  per  plot, 


20.0 

18.0 

30.0 

30.0 

30.0 

20.0 

226.0 

120.0 

22.5 

60.0 

$3  23 

$3  10 

In  1897  the  average  (both  hay  and  rowen)  produced  by 
plots  1  and  3  was  873.5  pounds,  or  3,494  pounds  per  acre; 
on  plots  2  and  4,  860.5  pounds,  or  3,442  pounds  per  acre. 
This  difference  is  too  small  to  be  of  practical  significance. 
The  rowen  crop  was  heavier  on  plots  2  and  4  than  on  plots 
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1  and  3,  showing  an  apparent  influence  of  the  greater  amount 
of  potash  used  on  these  plots  in  a  larger  proportion  of  clover. 
For  the  present  season  the  fertilizers  were  applied  as  last 
year,  being  evenly  broadcasted  on  April  1 1 .  The  first  crop 
was  cut  June  21.  It  consisted  largely  of  red-top,  which 
was  then  not  fully  in  bloom.  The  second  crop  was  cut 
August  26.  Both  crops  were  well  secured,  and  the  yields 
are  shown  Ijelow  :  — 


Yield  of  Hay  and  Rotoen,  1898. 


Rowen 
(Pounds). 


Plot  1  (lesser  potash),  . 
Plot  2  (richer  in  potash), 
Plot  3  (lesser  potash),  . 
Plot  4  (richer  Id  potash), 


530 
440 
365 
415 


Acer  age  Rates  per  Acre. 


Plots  1  and  3, 
Plots  2  and  4, 


2,420 
2,270 


1,790 
1,710 


AVe  have  then,  as  will  be  seen,  an  average  product,  from 
the  application  richer  in  nitrogen  and  phosphoric  acid,  at  the 
rate  of  150  pounds  of  hay  and  80  pounds  of  rowen  per  acre 
more  than  from  the  application  poorer  in  these  elements  and 
richer  in  potash.  It  is  believed  that  the  failure  of  plots  2 
and  4  to  show  greatly  superior  development  of  clover  is  in 
part  due  to  variations  in  physical  characteristics  of  the  soil 
of  the  dift'erent  plots,  leading  to  unfavorable  moisture  con- 
ditions, which  prevented  an  even  catch  of  clover  on  plots  2, 
3  and  4,  but  did  not  injuriously  att'ect  Plot  1.  Further,  it 
should  be  pointed  out  that  results  which  will  be  published 
later  in  this  rejiort  in  the  case  of  clover  experiments  on  a 
series  of  plots  manured  alternately  with  muriate  of  potash 
and  with  sulphate  of  potash  indicate  that  the  long-continued 
use  of  muriate  of  potash  in  liberal  amounts  without  liming  is 
unfavorable  to  the  healthy  development  of  clover.  This 
field  has  now  been  broken  up,  and  will  be  again  put  into 
corn  next  season. 
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Leguminous  Crops  (Clover,  Pea  and  Bean  or  "Pod" 
Family)  as  Nitrogen  Gatherers.      (Field  A.) 

This  experiment  is  a  continuation  of  a  series  begun  in 
1889.     The  objects  in  view  have  been  :  — 

1.  To  determine  the  extent  to  which  plants  of  the  clover 
family  are  capable  of  enriching  the  soil  in  nitrogen  taken  by 
them  from  the  air  through  the  agency  of  the  nodular  bacteria 
found  upon  their  roots. 

2.  To  compare  nitrate  of  soda,  sulphate  of  ammonia, 
dried  blood  and  farm-yard  manure  as  sources  of  nitrogen.* 

The  plots,  eleven  in  number,  are  one-tenth  acre  each,  and 
are  numbered  0  to  10.  Three  plots  (4,  7  and  9)  have  re- 
ceived no  nitrogen-containing  manure  or  fertilizers  since 
1884;  one  (0)  has  received  farm-yard  manure ;  two  (1  and 
2),  nitrate  of  soda;  three  (5,  6,  and  8),  sulphate  of  ammo- 
nia; and  two  (3  and  10),  dried  blood  every  year  since 
1889.  These  materials  have  been  used  in  amounts  to  fur- 
nish nitrogen  at  the  rate  of  45  pounds  per  acre  each  year. 

All  the  plots  have  received  yearly  equal  quantities  of 
phosphoric  acid  and  potash;  viz.,  80  pounds  per  acre  of 
the  former  and  125  pounds  of  the  latter  from  1889  to  1894 
and  the  past  two  seasons;  but  in  1894  and  1895,  double 
these  quantities.  To  some  of  the  plots  the  potash  is  ap- 
plied in  the  form  of  potash-magnesia  sulphate ;  to  others,  in 
the  form  of  muriate.  The  results  with  the  former  salt  have 
been  superior  to  those  with  the  latter,  as  a  rule,  particularly 
when  used  in  connection  with  sulphate  of  ammonia. 

Up  to  this  year  we  may  briefly  characterize  the  results,  in 
so  far  as  these  have  a  bearing  upon  the  two  main  questions 
proposed,  as  follows  :  — 

1.  The  leguminous  crops  grown  (soy  beans  in  1892, 
1894  and  1896)  have  not  appeared  to  enrich  the  soil  in 
nitrogen,  if  we  accept  the  results  with  the  next  folio  wing- 
crop  as  afibrding  a  basis  of  judgment. 

2.  The  different  sources  of  nitrosfen  have  ranked  on  the 


*  Only  such  details  are  given  here  as  are  necessary  to  an  understanding  of  the 
nature  of  the  experiment.  Full  particulars  will  be  found  in  our  ninth  and  tenth 
annual  reports. 


1899.]  PUBLIC  DOCUMENT  — No.  33.  57 

average  ivi  the  following  order :    nitrate  of  soda,  farm-yard 
manure,  dried  blood  and  sulphate  of  ammonia. 

After  the  oat  crop  of  1897  was  harvested  the  land  was 
ploughed,  and  late  in  July  sown  to  Mammoth  red  clover. 
Germination  was  quick  and  good  ;  but  the  young  plants  on 
all  plots  failed  to  flourish,  and  soon  took  on  a  most  unhealthy 
appearance  on  all  except  the  manure  plot,  and  even  on  this 
their  development  was  not  what  could  be  desired.  In  April 
of  this  year  the  plots  were  most  carefully  examined,  and  the 
clover  ranked  as  follows:  plot  0,  good;  1,  fair;  2,  poorer 
than  1  ;  3;  like  2  ;  4,  mostly  dead  ;  5,  all  dead  ;  6,  all  dead  ; 
7,  like  2;  8,  best  in  held  (limed  in  1896)  ;  9,  like  2;  10, 
somewhat  better  than  2.* 

The  general  average  of  condition  was  so  poor  that  it  was 
decided  to  plough  the  field,  which  was  done  on  April  18. 
From  previous  observations  upon  this  series  of  plots  it 
was  decided  that  liming  was  called  for,  and  accordingly 
200  pounds  per  plot  of  partially  air-slaked  lime  was  spread 
on  and  harrowed  in  on  April  20.  Eight  hundred  pounds 
of  manure  was  applied  to  plot  0  on  April  23,  and  on  April 
26  the  fertilizers  were  applied. 

The  plots  were  all  sown  to  Clydesdale  oats  on  April' 27, 
8 1  pounds  per  plot.  The  analysis  of  the  manure  and  a 
table  showing  fertilizer  treatment  and  yields  follow  :  — 

A  n  a  lys  is  o  f  Mann  re  Used . 

Per  Cent. 

Moisture, 72.53 

Nitrogen, .43 

Phosphoric  acid, .16 

Potash, 26 


*  For  manuring  of  these  plots,  see  page  58. 
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Nitrogen  Experiment.  —  Fertilizer  Treatment  and  Yields  of  Oats, 

1898. 


Fertilizers. 


Weight 

of 

Oats 

(Pounds), 


Weight 

of 

Straw 

(Pounds). 


Bushels  i^'f^^;°^ 

Oats      (     '^"f"' 
Der\cre     PerAere 
per  Acre,  ^pounds). 


(  I  Barn-yarn  manure, 
Plot  0,  ]  i  Potash-magnesia  sulphate, 
Dissolved  bone-black, . 


Nitrate  of  soda,     . 
Potash-magnesia  sulphate. 
Dissolved  bone-black,  . 


Plot  1, 


Plot  2, ■ 


Plot  3, 


Plot  4, 


Plot  5, 


Plot  6, ■ 


Plot  7, 


Plot  8, 


Plot  9, 


PlotlO, 


Nitrate  of  soda,     . 
Potash-magnesia  sulphate. 
Dissolved  bone-black, . 

Dried  blood, 
Muriate  of  potash. 
Dissolved  bone-black,  . 

Muriate  of  potash. 
Dissolved  bone-black, 

Ammonium  sulphate,  . 
Potash-magnesia  sulphate. 
Dissolved  bone-black, . 

Ammonium  sulphate,  . 
Muriate  of  petash. 
Dissolved  bone-hlack,  . 

Muriate  of  potash. 
Dissolved  bone-black, 

Ammonium  sulphate. 
Muriate  of  potash. 
Dissolved  bone-black, 

Muriate  of  potash. 
Dissolved  bone-black, . 

Dried  blood. 

Potash-magnesia  sulphate. 
Dissolved  bone-black, . 


800.0 ; 

32.0 
18.0] 

29.0; 
48.5 

50.0 ; 

29.0 
48.5 
50.0 

43.0 
25.0 
50.0 

25.0, 
50.0  \ 

22.5 
48.5 
50.0 

22.5 
25.0 
60.0 

25.0  I 
50.0  1 

22.5; 
25.0 
60.0  I 

25.0  I 
50.0  \ 

43.0 
48.5 
40.0 


76.5 


Average  of  no-nitrogen  plots, 

Average  of  muriate  of  potash  plot  (as  far  as  comparable) , 
Average  of  sulphate  plots  (as  far  as  comparable), 


21.40 
32.05 
35.20 


1,250.0 
1,500.0 
1,750.0 
1,550.0 


1,550.0 


900.0 
1,595.0 
1,416.7 


It  is  important  to  point  out  that  the  oats  on  the  several 
plots  ripened  at  different  times.  An  eftbrt  was  made  to 
harvest  the  crop  upon  all  at  the  same  stage  of  maturity. 
With  this  end  in  view,  plots  1,  2  and  5  were  cut  on  July  29  ; 
plots  6,  8,  9  and  10,  on  July  30;  and  the  balance  on 
August  2.  Meanwhile,  there  had  occurred  the  phenome- 
nally heavy  rain  and  wind  of  July  30,  p.m.,  and  numerous 
other  heavy  showers  ;  moreover,  the  weather  continued  per- 
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sistently  bad  much  of  the  time  until  the  middle  of  August, 
and  there  was  nmcli  loss  through  shelling  of  the  grain.  The 
straw,  therefore,  perhaps  better  than  the  gi'ain,  aftbrds  an 
index  to  the  relative  value  of  the  several  manurings.  The 
rank  of  the  ditlerent  sources  of  nitrogen,  taking  straw  pro- 
duction as  the  basis  of  estimation,  is  nitrate  of  soda,  sulphate 
of  ammonia,  dried  blood  and  farm-yard  manure. 

After  the  oats  were  harvested  the  land  was  ploughed,  and 
without  further  manuring  sown  to  Manuuoth  red  clover, 
which  at  the  time  winter  set  in  was  in  excellent  condition. 

The  reader  will  naturally,  perhaps,  conclude  that  the 
better  condition  of  the  clover  this  year  as  compared  with 
last  is  a  consequence  of  the  liming,  and  I  am  of  opinion  that 
this  may  be  the  case ;  but  nevertheless  I  cannot  regard  this 
as  certain,  for  the  reason  that  upon  Field  B  (reported  upon 
below),  where  clover  sown  in  the  summer  of  1897  failed, 
we  have  now  an  excellent  stand  of  this  crop  obtained  l)y 
sowing  seed  where  it  had  failed  this  spring,  without  liming 
or  reploughing. 

Muriate  v.  Sulphate  of  Potash  for  Clover. 
(Field  B.) 
Field  B  is  laid  oft'  in  eleven  equal  plots,  of  two-fifteenths 
of  an  acre  each.  The  manuring  has  been  uniform  since 
1884,  These  plots  are  numbered  from  11  to  21.  Every 
year  each  plot  has  received  an  ajJplication  of  ground  bone  at 
the  rate  of  600  pounds  2)er  acre.  The  odd-number  plots  have 
yearly  received  muriate  of  potash  and  the  even-number  plots 
the  high-grade  sulphate,  in  each  case  at  the  uniform  rate  of 
400  p>ounds  ])er  acre.  This  series  of  plots  has  produced  a 
great  variety  of  crops,  including  potatoes,  corn,  grasses, 
oats  and  barley  each,  with  vetches,  rye  and  clovers.  The 
cro})s  have  been  generally  excellent.  Full  details  will  be 
found  in  the  tenth  and  twelfth  annual  reports  of  the  State 
Experiment  Station,  and  the  reports  of  the  Hatch  Experi- 
ment Station  for  the  last  throe  years.  In  the  summer  of 
189.5  two  plots  (one  nmriate  the  other  sulphate)  of  each  of 
the  following  clovers  were  sown  :  sweet  clover  (Afelilotus 
alba),  mammoth  red  clover,  medium  red  clover  and  alsike 
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clover.  Between  the  crops  produced  respectively  on  the 
muriate  and  sulphate  of  potash  no  marked  difference  in 
yield  was  observed  in  either  1896  or  1897.  It  was,  how- 
ever, noticed  in  1896  that  the  clover  raised  on  the  sulphate 
of  potash  was  richer  in  starch  and  similar  extractive  sub- 
stances, in  the  case  of  the  mammoth,  medium  and  alsike 
clovers,  than  that  raised  on  the  muriate,  thus  making  the 
sulphate  clover  the  more  valuable. 

Bad  Effect  of  the  Muriate. 

In  August  of  1897  the  plots  were  ploughed  and  all  again 
seeded  to  the  same  varieties  of  clover.  Germination  was 
excellent,  but  within  a  very  few  weeks  after  the  young  plants 
appeared  it  was  observed  that  in  the  case  of  the  mammoth, 
medium  and  alsike  varieties  the  plants  were  doing  very 
poorly  upon  the  muriate  plots.  As  the  autumn  advanced, 
these  plants  for  the  most  part  grew  more  and  more  feeble, 
and  many  died.  The  winter  was  favorable  to  newly  seeded 
land ;  but  in  the  spring  it  was  found  that  a  large  proportion 
of  the  plants  upon  the  muriate  plots  were  dead,  in  the  case 
of  the  varieties  above  named.  The  sweet  clover  showed  no 
difference  between  the  two  fertilizers.  The  condition  of 
the  clovers  upon  the  sulphate  plots  was  not  entirely  satis- 
factory, although  far  superior  to  that  upon  the  muriate. 

It  was  decided  to  sow  additional  seed  upon  all  the  plots 
without  reploughing.  Accordingly,  on  April  2,  4  pounds  of 
seed  of  the  appropriate  Variety  were  sown  upon  each  of  the 
plots.  The  conditions  were  favorable  to  germination,  and 
a  good  stand  of  young  clover  was  obtained  upon  all  the 
plots.  The  sulphate  plots  gave  much  the  larger  yields  of 
clover  this  season,  because  they  contained  a  far  larger  pro- 
portion of  the  older  plants  from  last  summer's  sowing.  At 
the  present  time,  however,  the  condition  of  the  clover  upon 
the  muriate  and  sulphate  plots  is  fairly  even,  for  the  spring- 
sown  clover  has  done  equally  well  upon  both  the  potash 
salts. 

This  record  of  facts  is  made  without  comment,  as  with- 
out further  investigation  it  appears  to  be  impossible  to 
explain  why  the  summer-sown  clover  failed   on   the  muri- 
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ate,  while  the  spring-sown   has   flourished   upon   the   same 
plots  without  reploughing  or  any  change  in  treatment. 

Muriate  v.  Sulphate  of  Potash  for  Corn.  (Field  B.) 
Two  plots  in  Field  B,  one  muriate  and  one  sulphate,  were 
planted  to  Sibley's  Pride  of  the  North  corn,  with  a  view  to 
testing  the  relative  value  of  these  two  jiotash  salts  for  this 
crop.  It  will  be  remembered  that  tlie^e  plots  have  been 
under  the  same  manurial  treatment  since  1884.  The  fer- 
tilizers were  broadcasted  after  ])loughing,  and  harrowed  in, 
and  the  corn  was  planted  on  May  30,  in  drills  3^  feet  apart. 
It  was  later  thinned  to  1  foot  in  the  drills.  The  croj)  Avas 
cut  September  9  and  husked  the  middle  of  October. 

'Corn  on  Muriate  and  on  Sulphate  of  Potash. 


Corn 
(Pounds). 

Stover 
(Pounds). 

Yield  per  Acek. 

Manuring  per  Acre. 

Corn 
(Bushels). 

Stover 
(Pounds). 

T>ir.f  iQ    S  Muriate  of'potaBh,  400  pounds, 
fioi  IV,  j  Ground  bone,          600  pounds, 

m^t  on    S  Sulphate  of  potash,  400  pounds, 
i  lot  -2".  j  Ground  bone,          600  pounds, 

I      488.5 
I      428.5 

866 
652 

45.8 
40.1 

6,495 
4,890 

The  apparent  superiority  of  the  crop  raised  on  the  muriate 
of  potash  is  considerable.  During  the  growth  of  the  crop, 
as  the  result  of  frequent  examinations,  no  such  difference 
was  evident ;  and  it  is  regretted  that  the  moisture  test  has 
not  been  completed  in  season  for  this  report,  as  it  is  felt 
that  there  may  have  been  a  difference  in  condition  of  the  two 
crops  when  weighed,  owing  to  the  very  rainy  weather  of  the 
autumn . 

Saveet  Clover  (MeUlotus  alha). 

As  has  been  stated  under  "  Muriate  v.  Sulphate  of  Potash 
for  Clovers,"  sweet  clover  occupied  two  of  the  plots  in 
Field  B.  The  present  is  the  third  successive  year  that  this 
clover  has  been  grown  upon  these  plots,  and  the  soil  appears 
now  to  have  become  thoroughly  stocked  Avith  the  nodular 
bacteria  peculiar  to  the  plant.  As  reported  in  189(5,  l)ut 
fcAv   of  the  plants   on    these  plots   in   that  year  possessed 
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bacteria,  and  only  those  which  did  made  vigorous  growth. 
The  next  year,  as  already  reported,  about  one-half  of  the 
plants  apparently  possessed  nodules  and  made  vigorous 
growth  early  in  the  season.  Later  all  seemed  to  acquire 
the  ability  to  make  use  of  the  atmospheric  nitrogen  which 
these  nodular  bacteria  give.  The  crop  of  this  season  has 
been  extremely  vigorous  from  the  very  first.  The  rapid 
growth  of  this  legume  in  early  spring  seemed  to  indicate 
its  possible  value  as  a  cover  crop  for  green  manuring ;  and 
to  test  this  point  one  square  yard  (believed  to  be  average) 
was  harvested  at  each  of  three  different  dates,  and  a  deter- 
mination of  dry  matter  and  of  nitrogen  contained  therein 
was  made.     The  results  calculated  per  acre  were  :  — 


Date. 


Height 
(Feet). 


Dry  Matter 
(Founds). 


Nitrogen 
(Pounds). 


June  6, 
June  15, 
July  10, 


3,661.6 
3,961.7 
7,573.0 


136.8 
130.2 
192.5 


The  crop  was  in  full  bloom  at  the  time  the  last  cutting 
was  made,  but  it  goes  on  blooming  freely  for  almost  the 
entire  summer. 

Corn  for  the  silo  may  here  be  planted  up  to  the  middle 
of  June,  with  a  good  prospect  of  success ;  and,  as  will  be 
seen,  previous  to  that  date  the  sweet  clover  makes  a  large 
growth  and  contains  a  heavy  amount  of  nitrogen.  The 
amount  of  this  element  at  the  date  of  the  second  cutting  is 
equivalent  to  that  contained  in  about  6  cords  of  rich  manure. 
To  what  extent,  however,  this  nitrogen  has  been  taken 
from  the  soil,  and  to  what  extent  from  the  air,  our  experi- 
ments afford  us  no  means  for  determining.  Ktihn  has 
pointed, out  that  the  acquisition  of  atmospheric  nitrogen  by 
plants  of  the  clover  family  takes  place  most  abundantly  in 
the  later  stages  of  their  growth ;  and  that,  if  they  be 
ploughed  under  immature,  we  can  hope  for  but  little  gain 
in  that  element.  Our  experiment,  then,  is  not  conclusive, 
as  yet,  as  to  the  value  of  this  clover  as  a  green  manuring 
crop.     Since,  however,  being  sown  in  the  latter  part  of  July 
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or  early  in  August,  it  will  afl*()rd  winter  protection  to  the 
soil  and  furnish  a  large  growth  l)efore  late  corn  planting 
time,  it  seems  worthy  of  further  trial. 

Value  for  Bees. 
As  is  known  to  many,  this  clover  furnishes  an  abundant 
and  long-continued  supply  of  honey.  For  many  weeks  the 
plants  in  our  plots  were  daily  visited  by  countless  myriad 
bees,  and  the  rate  of  honey  production  of  those  kept  near 
by  was  very  rapid.     The  honey  is  of  good  quality. 

High-priced  Seed  an  Obstacle  to  the  Use  of  Sweet  Clover. 
The  high  price  at  which  the  seed  of  this  clover  is  at  pres- 
ent offered  in  our  markets  constitutes  a  great  obstacle  to  its 
use  as  a  green  manuring  crop.  Recognizing  this  fact,  and 
wishing  to  determine  whether  the  seed  might  not  be  more 
cheaply  offered,  our  crop  of  this  year  was  allowed  to  mature. 
The  sulphate  of  potash  plot  (two-fifteenths  acre)  gave  a 
product  of  43.5  pounds  and  the  nuiriate  plot  46.5  pounds 
of  rather  poorly  cleaned  seed.  It  is  true  that  the  season 
was  unfavorable  to  the  ripening  of  the  seed ;  but  the  indica- 
tion of  this  single  experiment  is  that  the  species  can  not  be 
counted  upon  for  a  liberal  seed  product,  and  that,  therefore, 
the  seed  must  remain  high  in  price. 

NiTRAGiN,  A  Germ  Fertilizer. 
In  connection  with  my  report  upon  sweet  clover,  it  has 
been  shown  that  in  the  early  attempts  to  cultivate  this  crop 
but  partial  success  was  obtained,  because  the  germs  of  the 
appropriate  nodular  bacteria  (microscopic  plants,  which, 
growing  in  nodules  upon  the  roots,  give  the  power  of  assim- 
ilating the  free  nitrogen  of  the  air)  were  not  present  in 
suflScient  numljers.  It  is  there  pointed  out  that,  after  three 
years'  culture  of  the  sweet  clover  upon  the  same  plots,  these 
bacteria  so  multiplied  in  the  soil  that  complete  success  with 
the  clover  followed.  Similar  results  in  the  first  attempts  to 
cultivate  plants  of  the  "  pod"  family  (^Leguminosce)  in  local- 
ities where  they  had  not  been  before  grown  have  many  times 
been  observed ;  and  many  times,  also,  has  ultimate  success 
crowned  the  effort  to  produce  the  new  plant,  and  for  the 
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reason  above  alluded  to.  The  attainment  of  success  in  this 
manner,  however,  requires  some  few  years ;  and  time  is 
precious.  Recognizing  this  fact,  an  attempt  to  propagate 
the  bacteria  connected  with  nitrogen  assimilation  artificially 
and  to  put  them  upon  the  market  was  some  few  years  ago 
made  by  Professor  Nobbe  of  Tharandt,  Germany.  The 
effort  was  successful,  and  the  product,  under  the  name  JSfitra- 
gin,  has  been  offered  for  the  past  fcAV  years  by  a  German 
firm  with  which  Professor  Nobl)e  comjileted  arrangements  for 
its  production  and  sale.  Full  particulars  concerning  jSFitra- 
gin,  and  directions  for  its  use,  will  be  found  in  our  eleventh 
annual  report.  The  unsuccessful  results  of  its  trial  upon 
clover  in  1897  are  published  in  our  last  annual  report. 

The  scientific  standing  of  Professor  Nobbe  is  such  and  the 
general  importance  of  the  subject  so  great  that  further  trials 
and  with  other  plants  seemed  desirable.  Accordingly,  nitra- 
gin  for  the  following  species  was  ordered  direct  from  the 
makers :  crimson  clover,  red  clover,  alfalfa,  sweet  clover, 
soy  bean,  vetch  and  pea. 

The  experiments  are  not  yet  complete,  but  are  being 
carried  out  upon  poor  plain  land  hired  for  the  purpose, 
where  most  of  these  crops  have  never  been  cultivated,  as 
well  as  upon  our  own  grounds.  The  plan  of  the  experiment 
upon  the  plain  land  is  shown  below'. 

Plan  of  Nitragin  Experiments. 
The  plots  are  one-twentieth  of  an  acre  each,  duly  sepa- 
rated by  dividing  strips.     The  treatment  of  the  several  plots 
for  each  crop  will  be  clear  from  the  table  :  — 

Plot  1,  no  fertilizers.    No  nitragin. 
Plot  2,  no  fertilizers.    Nitragin. 

r  acid  phosphate,      400  pounds  per  acre,  'v 
Plot  3,  {  muriate  of  potash,  250  pounds  per  acre.  \  No  nitragin. 

Uime,  1,000  pounds  per  acre,  J 

Plot  4,  manurial  treatment,  like  Plot  3.     Nitragin. 
Plot  5,  same  manures  as  3,  and,  in  addition,  180  pounds  per  acre 
of  nitrate  of  soda.    No  nitragin. 

The  plan  upon  the  home  grounds  is  similar,  with  two  ex- 
ceptions:  (1)  The  plots  are  smaller,  and  (2)  there  are  no 
plots  left  unfertilized. 
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The  crops  started  in  the  spring  upon  the  "  plain  "  inchide 
field  peas,  alfalfa,  alsike  clover  and  common  red  clover. 
The  peas  were  harvested  early  in  August.  The  yields  of 
the  several  plots  were  very  small,  and  showed  no  favorable 
influence  from  the  nitragin.  Of  all  the  other  crops,  it  can 
be  reported  to-day  that  the  general  condition  is  poor ;  that 
the  best  condition  is  to  be  found  in  every  case  upon  Plot  5 
(supplied  with  availalJe  fertilizer  nitrogen),  and  that  the 
crop  upon  mineral  fertilizers  with  nitragin  (4)  ap})ears 
somewhat  better  than  the  corresponding  plot  (3)  without 
nitragin.  Between  plots  1  and  2  there  appears  to  be  no 
appreciable  difference. 

Upon  our  home  grounds  the  field  pea  with  nitragin  ga\'e 
a  slightly  l)etter  cro})  on  mineral  fertilizers  alone  than  on 
mineral  fertilizers  without  nitragin.  Alfalfji  upon  mineral 
fertilizers  and  nitragin  now  looks  better  than  on  the  same 
fertilizers  without  nitragin.  It  will  be  seen,  then,  that  thus 
far  the  experiments  of  this  season  afford  indications  that 
some  slight  benefit  has  followed  the  use  of  this  germ  fer- 
tilizer.* Of  the  crops  sown  in  late  summer  it  is  as  yet  too 
early  to  report. 

Fertilizers  for  Garden  Crops. 
This  series  of  experiments,  begun  in  1891,  was  originally 
intended  to  test  the  value  for  the  different  garden  crops  of 
nitrate  of  soda,  sulphate  of  ammonia  and  dried  blood  as 
sources  of  nitrogen ;  but  in  the  second  year  it  Avas  made 
to  include  also  a  comparison  of  muriate  with  sulphate  of 
potash,  each  used  with  each  of  the  three  nitrogen  fertilizers, 
for  the  same  class  of  crops.  Dissolved  bone-black  has  l)een 
applied  equally  to  all  the  plots  from  the  first.  The  number 
of  plots  and  the  fertilizers  annually  applied  to  each  up  to 
the  present  year  are  shown  in  the  following  table  :  — 


*  It  may  be  useful,  th()u?h  this  fact  lias  already  many  times  been  pointed  out,  to 
remark  here  that  a  third,  and  often  very  satisfactory,  metliod  of  securing  a  stock 
of  nodular  bacteria  consists  in  taking  eartli  from  soil  where  the  crop  under  trial 
flourishes,  and  incorporating  a  little,  as  one  might  fertilizer,  with  the  soil  where 
the  tew  crop  is  to  be  grown.  Thi8  method  is  now  under  trial  here  with  alfalfa 
with  soil  from  Kansas. 
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Annual  Supply  of  Manurial  Substances  {Pounds). 


/-Sulphate  of  ammonia, 

.    38 

Plot  1, 

.  }  Muriate  of  potash,    . 
C  Dissolved  bone-black, 
/-  Nitrate  of  soda, 

.     30 

.  40 
.    47 

Plot  2, 

. }  Muriate  of  potash,    . 
C  Dissolved  bone-black, 
/  Dried  blood. 

.  30 
.  40 
.     75 

Plot  3, 

. }  Muriate  of  potash,    . 
C  Dissolved  bone-black, 
(  Sulphate  of  ammonia. 

.  30 
.  40 
.     38 

Plot  4, 

. }  Sulphate  of  potash,  . 
C  Dissolved  bone-black, 
/"  Nitrate  of  soda, 

.  30 
.  40 
.    47 

Plot  5, 

.  <  Sulphate  of  potash,  . 
C  Dissolved  bone-black, 
/•  Dried  blood, 

.  30 
.  40 
.    75 

Plot  6, 

.<  Sulphate  of  potash,  . 
(.Dissolved  bone-black, 

.  30 
.    40 

The  area  of  the  plots  is  about  one-eighth  of  an  acre  each. 
The  fertilizers  used  supply,  at  the  rates  per  acre  :  phos- 
phoric acid,  50.4  pounds;  nitrogen,  60  pounds;  potash, 
120  pounds. 

The  management  of  the  experiment  and  results  and  con- 
clusions are  presented  in  great  detail  in  our  eighth,  ninth 
and  tenth  annual  reports,  and  to  these  the  student  of  these 
experiments  is  referred.  It  suffices  for  our  present  purpose 
to  call  attention  to  the  general  results  up  to  the  end  of  the 
year  1897,  which  are  shown  below :  — 

Averages  of  Garden  Crops,  1892  to  1897,  inclusive. 
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43 
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Plots 

182 

42 

577 

50 

259 

160 

281 

372 

Plot  4 

196 

63 

717 

44 

221 

151 

348 

^425 

Plots 

232 

66 

790 

59 

298 

143 

343 

691 

Plot  6,    .        .        .        . 

149 

41 

503 

51 

235 

154 

307 

483 
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It  is  important  to  point  out  that  none  of  the  crops  in- 
cluded above  has  in  any  year  occupied  the  whole  of  the  area 
under  experiment.  Each  year  we  have  had  some  four  or 
five  crops,  and  the  areas  in  each  have  varied.  The  aJjove 
figures  are  valuable,  then,  solely  as  a  basis  of  comparison 
between  the  several  plots. 

Conclusions  based  on  Results  uj)  to  1897, 
The  chief  conclusions  which  seemed  justified  by  the  results 
above  o;iven  are  the  followino; :  — 

1.  Sulphate  of  potash  in  connection  with  nitrate  of  soda 
(Plot  5)  has  generally  given  the  best  crop.  In  those  cases 
where  this  has  not  been  true,  the  inferiority  of  this  com- 
bination has  usually  been  small.  In  one  case  only  has  it 
fallen  much  behind,  viz.,  with  sweet  corn,  a  crop  which 
makes  much  of  its  growth  in  the  latter  part  of  the  season. 

2.  Nitrate  of  soda  (plots  2  and  5)  has  in  almost  every 
instance  proved  the  most  valuable  source  of  nitrogen, 
whether  used  with  muriate  or  the  sul])hate  of  potash. 

3.  The  combination  of  sulphate  of  ammonia  and  muriate 
of  potash  (Plot  1)  has  in  every  instance  given  the  poorest 
crop.  This  fact  is  apparently  due,  as  Dr.  Goessmann  has 
pointed  out,  to  an  interchange  of  acids  and  bases  leading  to 
the  formation  of  chloride  of  ammonia,  which  injuriously 
aflects  groM'th. 

Tlie  Experiment  in  1898. 

In  the  fall  of  1897  the  plots  were  ploughed,  and  rye  sown 
on  all  (without  further  manuring)  as  a  cover  crop,  chiefly  to 
prevent  soil  washing.  The  gro^vth  on  Plot  1  (sulphate  of 
ammonia  and  muriate  of  potash)  was  sickly  and  fcel)le,  but 
no  particular  dillcrence  was  noticed  between  the  other  plots. 

Ghawje  in  Plan. 
In  view  of  the  fact  that  market  gardeners,  in  whose  inter- 
ests chiefly  these  experiments  are  being  carried  out,  almost 
invariably  use  large  (juantities  of  sta1)le  maiuire,  and  employ 
fertilizers,  if  at  all,  simply  to  sup})lement  the  manure,  it  was 
decided  to  make  a  change  in  the  plan  of  the  experiment,  in 
order  that  the  conditions  under  which  we  are  working  may 
more  nearly  conform  to  those  of  the  average  market  gardener. 
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Accordingly,  it  was  decided  to  apply  equal  amounts  of 
thoroughly  mixed  stable  manure  to  each  plot,  and  to  use  on 
each,  in  addition,  the  same  fertilizers  as  heretofore.  Further, 
in  order  to  have  a  basis  for  determining  whether  the  fertil- 
izers should  prove  in  any  degree  useful,  another  plot  was 
added,  to  which  manure  alone  is  applied.  It  was  impossible 
to  secure  for  this  purpose  a  plot  of  exactly  the  same  shape 
as  the  others,  and  of  course  it  has  not  had  the  same  history. 
It  is,  however,  contiguous,  and  it  has  the  same  elevation 
un<l  similar  soil.  This  plot,  which  will  be  called  plot  0, 
has  for  the  past  fifteen  years  received  an  annual  application 
at  the  rate  of  ground  bone  400  pounds  and  muriate  of  potash 
200  pounds  per  acre.  It  has  been  planted  yearly  with  a 
variety  of  the  newer  forage  crops.  Manure  was  applied  at 
the  rate  per  acre  of  twelve  cords  to  all  of  the  seven  plots. 
The  manure  was  applied  by  measure,  l)ut  it  was  also  weighed. 
The  table  shows  the  weight  applied  to  each  plot  and  the 
quantities  of  plant  food  which  it  carried  :  — 


Plots. 


Plot  0, 
Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 
Plot  5, 
Plot  6, 
Manure  contained, 


Manure 
(Pounds). 


Nitrogen 
(per  Cent.). 


6,720 
6,977 
6,775 
7,065 
6,617 
7,210 
6,945 


Potassium 

Oxide 
(per  Cent.) . 


28.8960 
30.0011 
29.1325 
30.3795 
28.4531 
31.0030 
29.8635 
.0043 


10.7520 
11.1632 
10.8400 
11.3040 
10.5872 
11.5360 
11.1120 
.0016 


Phosphoric 

Acid 
(per  Cent.). 


17.4720 
18.1402 
17.6150 
18.3690 
17.2042 
18.7460 
18.0570 
.0026 


Details. 
The  manure  was  evenly  spread  upon  the  surface  April 
18-23.  The  land  was  i)loughed  April  27,  a  thin  crop  of 
rye,  previously  alluded  to,  being  turned  under.  The  fer- 
tilizers were  applied  evenly,  broadcast  as  in  previous  years, 
on  May  2,  and  harrowed  in.  The  land  was  once  more  har- 
rowed on  May  5.  Throughout  the  season  all  plots  received 
clean  culture. 
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The  crops  the  past  season  have  been  :  strawberries  (Clyde) , 
spinach,  lettuce,  table  beets,  tomatoes,  cabbage,  celery  and 
potatoes  ;  and,  as  a  second  crop,  turnips. 

CJi/de  Sfratvberries. — Three  rows  were  set  in  each  plot. 
The  growth  was  vigorous  and  healthy  on  all  plots.  Plots  4, 
5  and  2  now  show  a  slight  superiority  over  the  others,  while 
Plot  0  is  the  poorest.  All  are  well  stocked,  in  matted 
rows. 

Lowj  Standing  Spinach. — Three  rows  of  this  crop  were 
planted  in  each  plot  May  7.  All  germinated  well,  but  l)y 
June  9  many  plants  were  dying  on  plots  1  and  4  (sul[)hate 
of  anmionia  and  nuiriate  of  potash,  and  sulphate  of  anmionia 
and  sulphate  of  potash) ,  while  nearly  all  the  plants  in  these 
plots  appeared  yellow  and  sickly.  All  the  spinach  was  har- 
vested in  two  cuttings.  The  yields  in  pounds  were  as 
follows:  Plot  0,  69;  Plot  1,  1^;  Plot  2,  156^;  Plot  3, 
77f ;  Plot  4,  13^;  Plot  5,  1591;  plot  6,  73|. 

The  average  yields  in  pounds  produced  by  the  ditfereut 
fertilizers*  were :  — 

Manure  alone  (Plot  0), 88.7 

Average  of  manure  and  muriate  of  potash  (plots  1,  2  and  3),       .  78.5 

Average  of  manure  and  sulphate  of  potash  (plots  4,  5  and  G),    .  82.3 

Average  of  manure  and  sulphate  of  ammonia  (plots  1  and  4),    .  7.4 

Average  of  maniu'e  and  nitrate  of  soda  (plots  2  and  5),      .        .  158.0 

Average  of  manure  and  dried  blood  (plots  3  and  6),  .        .  75.8 

It  will  be  noticed  that  the  nuiriate  of  potash  plots  are 
inferior  to  those  receiving  sulphate  of  potash,  though  the 
difference  is  small.  The  sulphate  of  ammonia  plots  proved 
almost  an  absolute  failure,  while  the  dried  blood  gave  a 
muc^h  smaller  crop  than  the  nitrate  of  soda.  The  most  im- 
l)ortant  fact  brought  out  is  the  marked  superiority  of  the 
latter  as  a  source  of  nitrogen  for  spinach. 

Hanmn  Lettuce. — Two  rows  of  this  crop,  planted  May 
7,  were  gi'owu  in  each  plot,  the  plants  being  brought  by 

♦  To  enable  the  reader  the  better  to  make  comparisons,  the  plots  are  characterized 
as  "manure  and  muriate  of  potash,"  "manure  and  suli)liate  of  i)<)tash,"  etc.  It 
should  bo  remembered  that  dissolved  l)onc-l)lack  was  applied  to  all  except  Plot  0, 
and  that  every  plot  reaMved  material  supplying  both  nitrojjen  and  potash  as  well  as 
phosphoric  acid  in  addition  to  the  manure.  For  the  fidl  list  of  fertilizers  applied  to 
eacli  plot,  see  page  66. 
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thinning  and  resetting  to  a  uniform  distance  of  1  foot  in  the 
rows,  except  on  plots  1  and  4,  where  a  large  number  of  the 
plants  died  soon  after  coming  up.  In  harvesting,  the  heads 
of  market  size  were  cut  from  day  to  day.  The  total  crop  in 
pounds  on  the  several  plots  was  :  Plot  0,  1791 ;  Plot  1,  40 ; 
Plot  2,  1941  ;  Plot  3,  220|;  Plot  4,  135  ;  Plot  5,  219  ;  and 
Plot  G,  231|. 

The  average  yields,  in  pounds,  produced  l)y  the  different 
fertilizers  were :  — 


Manure  alone  (Plot  0,  corrected  for  area). 
Manure  and  muriate  of  potash  (plots  1,  2  and  3), 
Manure  and  suljihate  of  potash  (plots  4,  5  and  6), 
Manure  and  sulphate  of  ammonia  (plots  1  and  4), 
Manure  and  nitrate  of  soda  (plots  2  and  5),    . 
Manure  and  dried  blood  (plots  3  and  6), 


230.5 
151.7 
195.1 
87.5 
206.6 
226.0 


The  manure  alone  gave,  as  will  be  seen,  a  larger  yield 
than  any  of  the  plots  to  which  fertilizers  as  well  as  manure 
were  applied.  The  only  point  clearly  indicated  is  the  ap- 
parent highly  injurious  effect  of  the  sulphate  of  ammonia, 
particularly  where  used  with  the  muriate  of  potash. 

Dewing's  Blood  Tumi])  Beet.  —  Six  rows  of  this  crop, 
planted  May  7,  were  grown  in  each  plot.  In  plots  1  and 
4  most  of  the  plants  soon  became  weak  and  sickly  and 
many  died,  and  there  were  not  enough  to  restock  to  the 
uniform  distance  of  4  inches  in  the  row,  to  which  all  the 
other  plots  were  brought  by  thinning  and  resetting  where 
needed.  The  few  plants  in  plots  1  and  4  which  survived 
until  about  July  1  then  appeared  to  recover  their  vigor,  and 
grew  very  rapidly.  The  yields  of  roots  and  tops  were  as 
shown  below :  — 


Plots. 


Tops 
(Pounds). 


Plot  0, 
Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 
Plots, 
Plot  6, 
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The  average  yields  in  pouiuls  \)vv  plot  were  as  follows :  — 


Roots. 

Tops. 

Manure  alone  (Plot  0,  corrected) , 

374.7 

484.9 

Manure  and  muriate  of  potash  (plots  1,  2  and  3), 

205.0 

415.0 

Manure  and  sulphate  of  potash  (plots  4,  5  and  6), 

348.3 

431.7 

Manure  and  sulphate  of  ammonia  (plots  1  and  4),     . 

170.0 

315.0 

Manure  and  nitrate  of  soda  (plots  2  and  5) 

450.0 

530.0 

Manure  and  dried  blood  (plots  3  and  6), 

345.0 

425.0 

The  general  result  here  is  similar  to  that  with  spinach ; 
i.e.,  muriate  is  inferior  to  the  sulphate  of  })otasli ;  nitrate  of 
soda  is  the  best  source  of  nitrogen  ;  and  sulphate  of  ammonia 
shows  itself  to  have  been  actually  injurious,  particularly  so 
with  muriate  of  potash. 

Dioai'f  Champion  Tomato. — Two  rows  were  set  in  each 
of  the  original  six  plots  and  three  In  Plot  0,  the  plants, 
purchased  of  the  Horticultural  Department,  being  rather 
small  and  uneven.  The  crop  Avas  picked  as  it  ripened  until 
September  23,  when  the  balance  of  the  fruit  was  picked 
green.  The  weights  of  ripe  and  of  green  fruit  in  pounds 
per  plot  are  shown  below  :*  — 


Plots. 

Ripe  Fruit. 

Green  Fruit. 

Lbs. 

oz. 

Lbs.  oz. 

Plot  0, 

422 

3 

179    8 

I'lotl,       . 

387 

7 

223    0 

Plot  2,       . 

501 

4 

160    0 

Plot  3,       . 

328 

2 

178    0 

Plot  4, 

430 

C 
1 
4 

181     0 

Plot  5, 

413 

84     8 

Plot  6, 

405 

181    8 

The  averages  of  ripe  fruit  and  total  yield  in  pounds  per 
plot  were  as  shown  in  the  table  :  — 


•  The  record  of  one  day's  picking  of  ripe  frnlt  was  lost,  but  this  does  not  cliange 
the  relative  standing  of  tlie  plots. 
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Ripe  Fruit. 

Total. 

Manure  alone  (Plot  0,  corrected  for  area) 

361.9 

515.7 

Manure  and  muriate  of  potash  (plots  1,  2  and  3), 

405.6 

592.6 

Manure  and  sulphate  of  potash  (plots  4,  5  and  6), 

416.2 

565.2 

Manure  and  sulphate  of  ammonia  (plots  1  and  4),      . 

408.9 

610.9 

Manure  and  nitrate  of  soda  (plots  2  and  5) 

457.2 

579.4 

Manure  and  dried  Wood  (plots  3  and  6) 

366.7 

546.4 

The  differences  brought  out  by  these  averages  are  much 
smaller  than  in  the  case  of  the  spinach  and  beets,  but  are  in 
the  same  direction  for  ripe  fruit;  i.e.,  sulphate  of  potash 
gives  somewhat  better  returns  than  muriate,  and  nitrate  of 
soda  gives  the  largest  yield  of  any  of  the  sources  of  nitrogen. 
It  is  noteworthy  that  the  sulphate  of  ammonia  does  not  ap- 
pear to  have  injuriously  affected  this  crop.  This  is  perhaps 
due  to  the  fact  that  the  tomato  is  not  set  until  about  the  first 
of  June,  and  makes  most  of  its  growth  when  the  season  is 
well  advanced.  The  crops  shown  to  have  been  injured  by 
the  sulphate  of  ammonia,  spinach  and  beets,  are  sown  early, 
and  make  most  of  their  growth  before  the  season  is  far 
advanced. 

Fotler's  Drumhead  Cabbage. — Two  rows  in  each  of  the 
original  six  plots  and  three  in  Plot  0  were  grown.  The 
seed  was  planted  May  23,  in  hills,  and  later  thinned  to  one 
in  each  hill,  those  destroyed  l)y  maggots  being  replaced. 
Owing  to  the  unusually  hot  season,  the  crop  was  well  grown 
by  September  1,  and  numerous  heads  were  beginning  to 
crack.  They  were  harvested  as  they  matured,  September  8 
to  November  5.  The  yield  in  pounds  of  heads,  j)ractically 
all  well  filled  and  hard,  was  as  follows  :  Plot  0,  729  ;  Plot 
1,  720;  Plot  2,  780;  Plot  3,  710;  Plot  4,  755;  Plot  5, 
744;  and  Plot  6,  651. 

The  average  yields  in  pounds  per  plot  were  as  follows  :  — 


Manure  alone  (Plot  0,  corrected) ,    . 
Manure  and  muriate  of  potash  (plots  1,  2  and  3) , 
Manure  and  sulphate  of  potash  (plots  4,  5  and  6), 
Manure  and  sulphate  of  ammonia  (plots  1  and  4), 
Manure  and  nitrate  of  soda  (plots  2  and  5) ,    . 
Manure  and  dried  blood  (plots  3  and  6) , 


624.9 
736.7 
716.7 
737.5 
762.0 
680.5 
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Here  we  find  the  fertilizers  have  apparently  produced  a 
moderate  increase  in  crop.  The  differences  between  them 
are  far  less  marked  than  in  the  case  of  most  of  the  other 
crops  grown  this  year.  The  nitrate  of  soda  appears  to  have 
been  the  best  source  of  nitrogen  for  the  cabbage. 

Early  Maine' Potatoes.  —  The  seed  planted  was  grown  in 
the  State  of  jNIaine.  It  was  treated  with  corrosive  sublimate 
solution,  for  prevention  of  scab,  and  sun-sprouted.  Before 
planting,  the  tubers  were  cut  to  pieces  with  two  eyes  each. 
Three  rows  per  plot  (4  on  Plot  0)  were  grown.  The  seed 
was  planted  on  May  9  in  rows  3  feet  apart,  the  pieces  being 
dropped  1  foot  apart  in  the  rows.  Ordinary  thorough  cult- 
ure was  given  until  the  vines  covered  the  ground.  The 
vines  were  sprayed  with  Bordeaux  mixture  (first  on  June  7) 
to  repel  the  flea  beetle.  They  were  sprayed  with  sufficient 
frequency  to  keep  the  vines  well  covered  with  the  mixture 
until  the  middle  of  August,  the  last  application  being  made 
August  8.  The  Bordeaux  mixture  was  applied  nine  times  in 
all,  frequent  re-application  being  necessary,  on  account  of 
the  numerous  heavy  rains.  The  vines  were  slightly  attacked 
by  blight  about  the  middle  of  July ;  but  later  in  August  new 
shoots  were  thrown  out  from  the  axils  of  the  lower  leaves, 
making  a  healthy  growth,  which  remained  green  until  very 
late  in  September.  The  tubers  averaged  large  and  smooth, 
and  showed  very  little  rot  when  dug.  A  few  weeks  after 
storing  there  were  a  few  more  decayed  tubers.  The  yield 
in  pounds  was  as  follows  :  — 


Merchantable 
Tubers. 

Small 
Tubers 

441.5 

41.0 

449.0 

40.0 

426.0 

40.0 

409.0 

62.5 

550.0 

35.0 

482.0 

31.5 

482.0 

51.5 

Plot  0, 
Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 
Plot  5, 
Plot  6, 
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Yield  per  Acre  (Bushels) , 


Plots. 

Merchantable 
Tubers. 

Small 
Tubers. 

Plot  0,       . 
Plot  1, 
Plot  2,       . 
Plot  3, 
Plot  4,       . 
Plot  5,       . 
Plot  6,       . 

381.5 
447.2 
381.7 
366.5 
492.8 
431.9 
431.9 

35.4 
35.8 
35.8 
56.0 
31.4 
28.3 
46.1 

The  averages  calculated  to  show  the  relative  effect  of  the 
different  fertilizers  are  given  below  in  pounds  per  plot :  — 


Plots. 

Merchantable 
Tubers. 

Small 
Tubers. 

Manure  alone  (Plot  0,  corrected) 

Manure  and  muriate  of  potash  (plots  1,  2  and  3) ,       . 
Manure  and  sulphate  of  potash  (plots  4,  5  and  6), 
Manure  and  sulphate  of  ammonia  (plots  1  and  4),     . 
Manure  and  nitrate  of  soda  (plots  2  and  5),        .... 
Manure  and  dried  blood  (plots  3  and  6) 

425.7 
444.7 
504.7 
524.5 
454.0 
445.5 

39.5 
47.5 
39.3 
37.5 
35.8 
57.0 

It  becomes  evident  from  a  study  of  these  figures  that  the 
fertilizers  proved  moderately  beneficial  to  this  crop,  and  that 
the  sulphate  of  potash  is  superior  to  the  muriate.  The 
various  sources  of  nitrogen  rank  in  the  order,  sulphate  of 
ammonia,  nitrate  of  soda  and  dried  blood,  the  first  giving  a 
much  larger  average  crop  than  either  of  the  others.  It 
seems  further  important  to  point  out  that  the  combination 
sulphate  of  ammonia  with  muriate  of  potash,  which  has 
proved  both  in  previous  years  and  in  this  year  so  fatal 
to  most  crops,  has  given  a  fine  crop  of  potatoes,  at  the 
rate  of  447  bushels  to  the  acre,  the  second  in  rank  among 
the  seven  plots.  No  explanation  can  be  offered,  beyond 
that  already  suggested  in  the  case  of  tomatoes,  viz.,  that  the 
potato  has  a  much  longer  growing  season  than  the  crops 
doing  so  very  poorly  on  this  combination  of  fertilizers.     It 
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seems  reasonable  to  suppose  that,  as  the  season  advances, 
the  injurious  ammonium  chloride  formed  at  first  is  eitlicr 
washed  out  of  the  soil  or  destroyed  by  further  chemical 
changes.  This  question  will  be  made  a  matter  of  further 
study. 

The  spraying  with  Bordeaux  mixture,  although  necessarily 
nine  times  repeated  on  account  of  the  unusual  numl)cr  of 
heavy  rains,  must  be  considered  to  have  been  profitable,  as 
the  yield  was  very  heavy,  while  in  general  the  crop  this  year 
was  light  where  spraying  was  not  practised. 

Giant  Pascal  Celery.  —  Two  rows  were  grown  in  each 
plot;  the  plants,  large  and  well  grown,  were  set  1  foot 
apart  in  rows  5  feet  apart  on  July  19.  Banking  began 
Septem])er  29,  and  the  crop  was  put  into  the  cellar  in  good 
condition  on  November  4.  The  growth  on  plots  0,  1  and 
4  was  fair ;  on  the  other  plots,  excellent.  There  was  con- 
siderable rust  on  Plot  0,  while  there  was  little  or  none  on 
the  other  plots.  The  weights  in  pounds  of  the  plants  (in- 
cluding roots  and  a  little  earth)  w^ere  as  follows  :  Plot  0, 
443  ;  Plot  1,  328  ;  Plot  2,  478  ;  Plot  3,  478  ;  Plot  4,  348  ; 
Plots,  568;  Plot  6,  488.     ^ 

The  calculated  averages  will  not  be  given  until  the  crop  is 
blanched,  since  the  earth,  of  necessity  left  adhering  to  the 
roots  of  the  plants  as  put  into  the  cellar,  is  an  element  of 
uncertainty.  It  may  be  of  interest  to  state  that  these  aver- 
ages indicate  little  if  any  increase  which  can  be  attril^uted 
to  the  fertilizers. 

White  Egg  Turnips.  —  This  crop  followed  spinach,  let- 
tuce and  table  beets,  without  further  manuring.  The  land 
was  reploughed  and  fitted  and  the  seed  sown  on  July  28,  in 
rows  14  inches  apart.  Soon  after  sowing  a  heavy  shower 
caused  some  washing  across  the  plots,  which  was  particu- 
larly injurious  on  Plot  0.  The  crop  was  harvested  Novem- 
ber 8  and  9,  and  was  of  excellent  quality.  The  yields  in 
pounds  are  shown  in  the  following  table  :  — 
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Plots. 


Roots. 


Tops. 


Plot  0, 
Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 
Plot  5, 
Plot  6. 


580.0 
702.0 
753.6 
735.0 
938.0 
655.0 
690.0 


185 
348 
315 
315 
335 
260 
215 


The  calculated  averages  in  pounds  are  given  in  the  follow- 


ing table :  — 


!        Roots. 

Tops. 

Manure  alone  (Plot  0,  corrected), 

688.3 

219.7 

Manure  and  muriate  of  potash  (plots  1,  2  and  3), 

730.3 

326.0 

Manure  and  sulphate  of  potash  (plots  4,  5  and  6),     . 

761.0 

270.0 

Manure  and  sulphate  of  ammonia  (plots  1  and  4) ,     . 

820.0 

341.5 

Manure  and  nitrate  of  soda  (plots  2  and  5) , 

704.3 

287.5 

Manure  and  dried  blood  (plots  3  and  6) 

712.5 

265.0 

The  fertilizers  are  shown  to  have  l)een  moderately  bene- 
ficial, there  is  not  much  difterence  between  the  two  potash 
salts,  and  the  sulphate  of  ammonia  gives  a  much  better 
crop  than  either  of  the  nitrogen  fertilizers.  This  is  not 
strange,  in  view  of  these  facts :  (1)  the  plots  to  which  this 
had  been  applied  had  produced  but  very  small  first  crops, 
wliile  the  others  had  yielded  heavily ;  •  and  (2)  that  the  tur- 
nips made  their  growth  so  late  in  the  season  that  the  in- 
jurious compounds  often  formed  by  this  salt  had  become 
dissipated,  or  destroyed  by  further  chemical  changes. 


Experiments  in  Manuring  Grass  Lands. 
The  system  of  using  wood  ashes,  ground  bone  and  mu- 
riate of  potash,  and  manure  in  rotation  upon  grass  land  has 
been  continued.  We  have  three  large  plots  (between  two 
and  three  acres  each)  under  this  treatment.  Under  this 
system  each  plot  receives  Avood  ashes  at  the  rate  of  1  ton 


1899. J  PUBLIC   DOCUMENT  — No.  8a.  77 

per  acre  one  year ;  the  next  year,  ground  1)one  600  pounds 
and  muriate  of  potash  200  pounds  per  acre ;  and  the  third 
year,  manure  at  the  rate  of  8  tons.  The  system  is  so  planned 
that  each  year  we  have  one  plot  under  each  manuring.  The 
manure  is  always  applied  in  the  fall,  the  other  materials  early 
in  the  spring;  this  year  April  8  and  9. 

Plot  1,  which  this  year  received  bone  and  potash,  gave  a 
yield  at  the  rate  of  5,137  pounds  of  hay  and  2, .370  pounds 
of  rowen  per  acre.  Plot  2,  which  received  ashes,  yielded 
4,602  pounds  of  hay  and  2,142  pounds  of  rowen.  Plot  3, 
which  was  dressed  with  manure  in  the  fall  of  1897,  yielded 
5,233  pounds  of  hay  and  2,823  pounds  of  rowen  per  acre. 
This  field  has  noAV  been  ten  years  in  grass,  and  during  the 
continuance  of  the  present  system  of  manuring  (since  1893) 
has  produced  an  average  product  (hay  and  rowen  both  in- 
cluded) at  the  rate  of  6,808  pounds  per  acre.  The  plots 
when  dressed  with  manure  have  averaged  7,211  pounds  per 
acre;  when  receiving  bone  and  potash,  6,671  pounds  per 
acre;  and  Avhen  receiving  wood  ashes,  6,541  pounds  per 
acre. 

Variety  Tests. 

Our  work  in  testing  varieties  this  year  has  been  confined 
to  testing  the  potato.  With  this  it  has  been  extensive. 
The  tests  have  been  of  two  sorts;  (1)  a  preliminary  test 
with  varieties  grown  for  the  first  time ;  and  ( 2 )  a  test  of 
the  best  twenty-five  varieties,  as  indicated  by  the  trial  of 
last  year. 

1.  Preliminary  Test. — As  has  been  stated  in  my  pre- 
vious reports  upon  variety  work  with  the  potato,  I  consider 
several  years'  trial  necessary  to  the  formation  of  a  judgment. 
The  seed  of  new  varieties  as  they  arc  brought  out  uuist  of 
necessity  come  from  many  widely  separated  localities.  Such 
seed  is  unfit  to  serve  as  a  basis  for  comparison,  with  the 
object  of  determining  the  relative  merits  of  varieties,  as  it 
is  well  known  to  many  and  (juite  generally  admitted  that 
the  place  where  any  given  variety  of  seed  potatoes  is  pro- 
duced may  greatly  influence  its  product.  Newly  obtained 
varieties  nmst  also  of  necessity  have  been  subjected  to 
widely   variant   conditions   of   handling,    preservation   and 
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transportation,  and  all  these  factors  influence  product.  For 
all  these  reasons  our  practice  is  to  obtain  but  a  small  quan- 
tity of  seed  of  new  varieties  as  they  come  to  our  attention, 
and  to  plant  this  for  the  purpose  of  raising  seed  for  the  next 
year's  trial,  which  shall  have  been  produced  under  similar 
conditions  and  similarly  handled.  This  constitutes  our 
^^preliminary  test." 

This  test  the  past  season  included  seventy-five  varieties, 
obtained  from  almost  as  many  seedsmen,  scattered  all  over 
New  England,  the  middle  and  central  States  and  Canada. 
The  seed  of  all  was  treated  with  corrosive  sublimate  solu- 
tion and  sun-sprouted.  It  was  then  cut  to  pieces  of  two 
good  eyes  each,  and  planted  one  piece  to  a  foot,  in  rows  3 
feet  apart.  The  soil  was  a  good  medium  loam,  naturally 
well  drained.  The  fertilizers  used  in  pounds  per  acre 
were :  — 

Nitrate  of  soda, 240 

Acid  phosphate, 400 

Sulphate  of  potash  (high  grade) ......  250 

Tankage, 240 

Dried  blood, 100 

These  materials  were  mixed  just  l^efore  using,  and  scat- 
tered broadly  in  the  drills  before  dropping  the  seed.  The 
planting  took  place  May  11  and  12.  All  varieties  were 
injured  by  hot,  dry  weather,  which  came  just  as  the 
tubers  were  forming,  and  by  blight,  although  sprayed 
with  Bordeaux  mixture  six  times  between  June  13  and 
August  2.  The  varieties  on  which  blight  was  first  noticed 
were  Salzer's  Earliest,  Bliss  Triumph,  King  of  the  Earliest 
and  Lincoln, — July  24  and  25.  All  other  varieties  showed 
blight  between  July  28  and  August  1,  and  to  about  an  equal 
degree.  It  is  thought  that  no  varieties  blighted  long  before 
they  were  mature  ;  but,  nevertheless,  the  blight  undoubtedly 
greatly  reduced  the  yields.  Owing  to  the  blight,  the  period 
of  apparent  ripening  of  all  varieties  was  nearly  the  same, 
viz.,  August  27  to  September  8.  The  potatoes  were  dug 
late  in  September.  The  average  number  of  sets  for  each 
variety  was  about  forty,  and  to  this  number  the  yield  of 
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all  has  ])een  corrected.  Such  correction,  in  our  experience, 
always  proves  unduly  favorable  to  the  varieties  of  which  we 
have  the  least  seed.  Our  effort  has  always  l^een  to  obtain 
just  three  pounds  of  each  variety ;  but  sometimes  we  are 
unable  to  obtain  so  much,  or  it  may  be  that  some  tu])ers 
obtained  prove  unfit  to  plant,  owing  to  bruising  or  decay. 

The  yield  this  year  has  varied  from  8.5  to  46.7  pounds  of 
merchantable  tul)ers  for  40  sets.*  Six  varieties  have  given 
a  yield  of  40  pounds  or  above  of  merchantable  tubers  from 
40  sets,  viz..  Ford's  No.  31,  46.7  ;  Early  Minnesota,  44.7  ; 
Champion  of  the  World,  41.8;  Burr's  No.  1,  40.8;  and 
American  Wonder  and  Early  Dawn,  40  each.  Eight  va- 
rieties gave  under  20  pounds  from  40  sets,  viz.,  Lady 
Finger,  8.5;  Mayflower,  13.9;  Salzer's  Earliest,  14.2; 
Potentate,  15.3 ;  Mills's  Long  Keeper,  16 ;  Livingston's 
Pinkeye,  16.8  ;  and  King  of  the  Earliest  and  White  Beauty, 
18.5  each, 

2.  Test  with  Twenty-Jive  Varieties  (the  Best  of  Last 
Season). — The  seed  of  these  varieties,  it  will  be  under- 
stood, was  all  of  our  own  growing,  and  was  of  most  excellent 
quality.  It  was  prepared  for  planting  as  above  described, 
and  was  planted  upon  similar  soil  and  similarly  manured. 
One  hundred  sets  of  each  variety  were  planted  on  May  13. 
These  varieties  were  sprayed  six  times,  as  were  those  in 
the  preliminary  test.  They,  however,  showed  considerable 
blight,  and  doubtless  gave  diminished  yields  because  of  this 
affection.  The  yields  have  been  calculated  to  40  sets,  to 
make  them  comparaljle  with  the  varieties  in  the  other  test. 
These  are  shown  in  the  table  followino^ :  — 


*  Forty  pounds  for  40  sets  corresponds  to  a  yield  of  242.4  busheks  per  acre. 
Thirty  pounds  fur  40  sets  corresponds  to  a  yield  of  181.8  l)usliels  per  acre. 
Twenty  pounds  for  40  sets  corresponds  to  a  yield  of  121.2  bushels  per  acre. 
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Variety  Test  of  Potatoes.      Yield  in  Pounds  from  40  Sets. 


Varibtt. 


Mercbantable 
Tubers. 


SmaU 
Tubers. 


Beauty  of  Hebron, 
Bliss's  Triumph, . 
Carmeu  No.  1, 
Dakota  Red, 
Button's  Seedling, 
Early  Maine, 
Early  Rose,  . 
Early  Sunrise, 
Empire  State, 
Enormous,  . 
Fillbasket,  . 
Late  Puritan, 
Money  Maker, 
New  Satisfaction, 
Prolific  Rose, 
Restaurant, 
Rochester  Rose, 
Rose  No.  9,  . 
Sir  William, 
State  of  Maine, 
Thorburn,  . 
Uncle  Sam,  . 
Vanguard,  , 
White  Elephant, 
Woodbury's  White, 


33.40 
20.40 
23.40 
19.20 
32.20 
21.20 
28.00 
26.40 
12.40 
36.80 
37.60 
26.80 
26.60 
26.60 
28.20 
34.80 
29.60 
34.00 
26.80 
34.00 
35.80 
28.40 
31.80 
40.20 
35.90 


7.00 
9.60 
12.80 
10.80 
15.20 
2.80 
9.00 
10.80 
7.60 
4.20 
5.60 
9.60 
7.40 
6.00 
8.00 
7.60 
8.80 
5.20 
6.20 
4.80 
6.40 
3.80 
9.00 
8.00 
5.00 


Last  year  the  eleven  best  varieties  ranked  in  yield  of 
merchantable  tubers  in  the  following  order:  Eose  No.  9, 
Restaurant,  Woodbury's  White,  Bliss's  Triumph,  Prolific 
Rose,  Empire  State,  Early  Maine,  Dakota  Red,  Sir  William, 
Early  Rose  and  Beauty  of  Hebron.  All  of  these  then  gave 
a  product  at  the  rate  of  more  than  220  bushels  of  merchant- 
able tubers  per  acre. 

This  year  the  relative  rank,  as  will  be  seen,  is  quite  dif- 
ferent. The  yields  are  in  general  much  lower.  The  results 
of  this  year,  however,  owing  to  the  blight,  cannot  be  re- 
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garded  as  affording  a  reliable  index  to  the  relative  merits  of 
the  varieties.  Their  publication,  however,  serves  to  illus- 
trate how  almost  impossible  it  is,  in  the  making  of  such 
tests,  to  cstal)lisli  the  relative  merits  of  varieties.  As  I  have 
remarked  in  previous  reports,  it  is  significant  that  the  old 
standard.  Beauty  of  Hebron,  is  once  more  one  of  the  first 
ten  varieties. 

Identical  Varieties  under  Different  ITames. 
As  far  as  we  are  able  to  judge,  there  is  no  difference 
between  King  of  the  Earliest  and  Early  Ohio ;  Salzer's 
Earliest  and  Bliss's  Triumph ;  Mills's  Banner  and  Livingston's 
Banner ;  while  White  Beauty  and  Cambridge  Russet  differ 
but  very  slightly,  the  latter  having  a  slightly  more  russetted 
skin  than  the  former. 

Test  of  Seed  of  the  Same  Variety  from  Different  Localities. 
In  order  to  test  the  soundness  of  the  a  j^^'iori  conclusion 
that,  to  make  the  results  of  a  variety  test  comparable  for 
the  purpose  of  determining  relative  merits,  the  seed  of  all 
should  have  been  produced  in  the  same  locality  and  handled 
in  all  respects  alike,  an  experiment  was  carried  out  with  tAvo 
of  the  old  standard  sorts, — Beauty  of  Hebron  and  Early 
Rose,  —  with  seed  of  each  from  a  considerable  number  of 
sources.  The  seed  of  the  former  came  from  eight  different 
producers ;  that  of  the  latter,  from  six.  The  methods  pur- 
sued in  seed  preparation,  soil,  manuring,  spraying,  etc., 
were  in  all  respects  as  in  the  variety  test. 


Comparison  of  Seed  Potatoes  from  Different  Localities. 
Pounds  of  40  Sets. 


Yield  in 


Varieties. 

BOUBCE  or  THE  SEED. 

BBAUTT  or  HEBRON. 

EARLY  ROBE. 

Merchant- 
able. 

Small. 

Merchant- 
able. 

Small. 

Home  grown, 

Guelph,  Ontario,  D.  of  0, 
PeniiHylvania  grown,  Dreer,     . 
JamcH  J.  H.  Gregory,  Marblchead,  Mass., 
Cornell  Kxpeririieiit  Station,  Ittiaca,  N.Y., 
WlBcouHin,  <)lri«  Seed  Company,     . 
Maine,  A.  II.  Weeli8  Company, 
Dibble  Heed  Company,  N.  Y., .        . 
Minnesota,  Farmer  Seed  Company, 
Kansas,  F.  Barteldes  A  Co.,     . 

30.0 
32.3 
24.5 
35.5 
29.3 
26.0 
33.3 
26.5 

2.5 
1.8 
3.3 
2.5 
2.5 
4.5 
2.8 
3.8 

25.0 
27.5 
31.0 

32.5 
21.0 
20.0 

2.9 

3.5 
2.0 

2.0 
3.8 
7.8 
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The  range  of  variation  in  yield,  as  will  be  seen,  is  large, 
amounting  to  almost  50  per  cent,  in  the  yield  of  merchant- 
able tubers  for  the  Beauty  of  Hebron  and  to  rather  over  50 
per  cent,  for  the  Early  Rose.  In  view  of  this  wide  diifer- 
ence  in  the  yield  of  the  sam'e  variety,  it  must  be  admitted 
that  variety  tests  in  which  the  seed  is  brought  together 
from  many  sources  can  have  but  a  doubtful  value. 

The  extent  of  the  variation  in  the  type  of  the  potatoes 
grown  in  this  test  was  considerable,  so  great,  indeed,  as  to 
make  it  doubtful  whether  in  all  cases  the  seed  was  true  to 
name,  although  obtained  from  the  most  reliable  parties  .in 
every  instance.  The  extent  of  the  variation  is  in  part  shown 
in  the  table  below,  in  which  each  lot  is  compared  with  the 
crop  from  our  home-grown  seed  of  the  same  variety  :  — 

Potatoes.  —  Comparison  of  Grops^  Seed  from  Different  Sources. 


Origin  of  the  Seed. 

Shape. 

Color, 

Size. 

Eyes. 

Beauty  of  Hebron. 

Home  grown, 

Long,      elliptical, 
slightly  flattened, 
tapering  strongly 
towards  tip. 

Light  flesh,    mot- 
tled with  darker 
shades. 

Medium, 

Medium,  rather 
deep. 

J.  J.  H.  Gregory, . 

Same, 

Same, 

Same,    . 

Smaller,  less 

deep. 
Same. 

Dreer,  Pennsylvania,   . 

Shorter, . 

Same,     . 

Larger, . 

Olds    Company,    Wis- 
consin, 

Oval,  slightly  flat, 
same  at  both  ends. 

Lighter, . 

Smaller, 

Small. 

Weeks      Company, 
Maine. 

Same, 

Same, 

Larger, . 

Less  deep. 

Cornell  Experiment  Sta- 
tion. 

Same, 

Light,  bright  pink, 

Larger, . 

Smaller. 

Guelph,   Ontario,    Ex- 

Same, 

Same, 

Same,    . 

Same. 

periment  Station. 

Dibble  Company,  N.  Y., 

Same, 

Lighter, . 

Same,    . 

Same. 

Early  Rose. 

Home  grown,         . 

Long,      flattened, 
tapering  towards 
seed  end,  curved. 

Light  pink,  bright 
pink  at  seed  end. 

Medium, 

Medium  large. 

Dreer,  Pennsylvania,   . 

Broader,  more  com- 
pact. 

Lighter, . 

Same,    . 

Same. 

Farmer  Company,  Min- 
nesota. 

Much  broader,  less 
curved. 

Same, 

Smaller, 

Same. 

Cornell  Experiment  Sta- 
tion. 

Longer,    more 
curved. 

Same, 

Larger, . 

Same. 

Kansas, Barteldes  &  Co., 

Broader,  more  like 
Hebron. 

Same,     . 

Same,    . 

Smaller,  more 
shallow. 

Dibble  Company,  N.Y., 

Same, 

Same,     . 

Larger, , 

Large,  shallow. 
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Individual  Variation,  Tubers  of  the  SameVariety . 

In  view  of  the  frequently  reported  tests  of  varieties  in 
wliich  some  two  or  three  tubers  only  of  each  are  used,  it  was 
thought  best  to  carry  out  an  experiment  to  determine  if 
possible  the  extent  to  which  the  product  of  single  tubers 
will  vary  when  gi'own  under  conditions  as  favorable  as  pos- 
sible to  uniformity  of  yield.  As  a  preparation  for  this  test, 
tiles  two  feet  in  diameter  and  four  feet  long  were  set  into 
the  ground  in  a  single  row,  the  distance  between  them  being 
about  two  and  one-half  feet.  To  insure  equal  drainage  con- 
ditions, a  drain  tile  was  laid  at  about  the  level  of  the  lower 
edge  of  the  tile,  being  given  just  enough  pitch  to  carry  off 
water.  The  plot  of  land  in  which  the  tiles  were  set  was  sur- 
rounded with  drain  tile,  to  prevent  the  ingress  of  soil  water 
fi'om  outside.  This  plot  had  been  uniformly  manured  for 
many  years,  so  that  the  subsoil  conditions  below  the  tiles 
must  have  been  practically  uniform.  The  plots  were  set  so 
that  the  surface  water  from  outside  was  excluded,  but  the 
earth  outside  was  brought  to  within  about  one  inch  of  the 
upper  edge. 

These  tiles  so  set  were  filled  to  within  one  foot  of  the 
top  with  carefully  mixed  subsoil,  consisting  of  a  very  fine 
sand,  this  subsoil  being  settled  by  the  liberal  use  of  water. 
After  this  subsoil  had  thoroughly  settled  and  somewhat 
dried,  equal  weights  of  carefully  mixed  medium  loam  were 
put  into  each  tile,  the  quantities  being  sufiicient  to  fill  them. 
The  amount  used  was  two  hundred  and  twenty-five  pounds 
for  each  tile.  Conclusive  evidence  that  the  work  was  well 
and  uniformly  done  is  afforded  l:)y  the  fact  that  the  earth 
in  the  several  tiles  remained  at  practically  uniform  height 
throughout  the  season. 

With  the  upper  four  inches  in  depth  of  soil  in  these  tiles 
were  most  carefully  mixed  the  fertilizers  applied,  precisely 
the  same  weights  as  determined  by  chemical  balances  to  each 
tile.  The  matciials  used  supplied  per  tile  and  at  the  rate 
per  acre  as  follows  :  — 
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Materials  Used. 


Rate  per 

Acre 
(Pounds). 


Nitrate  of  soda, 

Dried  blood 

Tankage 

Acid  phosphate, 

Sulphate  of  potash  (high  grade), 


250 
100 
250 
400 
300 


This  fertilizer  was  applied  May  9 ,  and  the  seed  was  planted 
the  same  day.  The  variety  was  Carmen  No.  1.  The  tubers 
selected  were  uniform  in  form,  weight  and  all  external  char- 
acteristics, as  far  as  it  was  possible  to  obtain  such.  The 
weights  of  the  tubers  were  as  follows:  No.  1,  160  grams; 
No.  2,  135  grams;  No.  3,  160  grams;  No.  4,  140  grams; 
No.  5,  135  grams;  No.  6,  140  grams;  No.  7,  140  grams; 
No.  8,  140  grams.  The  first  seven  tubers  were  treated 
with  corrosive  sublimate  solution,  and  sun-sprouted ;  No. 
8  was  not  treated.  Each  tuber  was  cut  to  exact  halves  by 
weight,  and  the  number  of  eyes  on  each  half  reduced  to  five 
in  the  same  part  of  the  tuber.  The  tubers  were  all  typical 
of  the  variety,  and  all  were  entirely  free  from  scab,  but  there 
had  been  a  few  scabbed  potatoes  in  the  crop  from  which  they 
came.  They  were  all  planted  face  downward  at  the  same 
depth,  the  halves  of  tuber  No.  1  in  tiles  1  and  2,  the  halves 
of  tuber  No.  2  in  tiles  3  and  4,  and  so  on,  —  and  finally 
one-half  of  tuber  No.  8  in  tile  15.  They  all  came  up  in 
good  season,  but  somewhat  irregularly.  May  26  to  May  28. 
They  were  most  carefully  cultivated  by  hand,  kept  entirely 
free  from  weeds  and  from  bugs  by  hand  pulling  and  picking. 
Bordeaux  mixture  was  applied  six  times,  June  6  to  July  25. 
There  was  practically  no  injury  from  either  flea  beetle  or 
blight.  The  vines  in  difl'erent  tiles  showed  quite  diff'erent 
minor  characteristics,  and  ripened  unevenly,  September  20 
to  October  1,  when  the  crop  was  harvested.  At  that  time 
there  was  a  very  little  yellowish-green  color  on  part  of  one 
stalk  in  tile  9  and  on  one  entire  stalk  in  tile  8.  All  leaves 
had  for  some  time  been  dead.  The  yields  and  remarks  are 
given  in  the  table  :  — 
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Yield 

of  Different  Tubers,  Carmen  Potato. 

No.  OP  Tuber. 

Tile. 

Number 

of 
Tubers. 

Weight 
(Kilograms).* 

Remarks. 

Tuber  No.  1, 

. 

w 

10 
14 

1.470 
1.520 

Tuber  No.  2, 

w 

14 
11 

1.300) 
1.340  i  . 

One  scabby. 

Tuber  No.  3, 

(    5 

\    6 

15 
10 

1.440) 
1.440 i 

Several  slightly  scabby. 

Tuber  No.  4, 

IS 

12 

8 

1.180; 
1.330 i 

Small  amouut  of  scab. 

Tuber  No.  5, 

. 

!.'. 

17 
15 

1.440) 
1.620  \ 

A  very  little  scab. 

Tuber  No.  6, 

!!5 

19 
9 

1.460  ) 
1.340  i 

A  little  scab. 

Tuber  No.  7, 

U3 

13 
14 

1.240  ) 
1.450  \ 

A  little  scab. 

One-half  of  Tuber  No.  8, 

15 

16 

1.320 

Considerable  scab. 

♦  The  kilogram  equals  almost  exactly  2.2  English  pounds. 

The  above  weights  were  taken  after  the  tubers  had  been 
carefully  washed  and  dried.  They  showed  a  range  of  varia/- 
tion  amounting  between  halves  to  a  little  over  37  per  cent., 
and  between  tubers  of  about  22  per  cent.  The  diflerences 
in  number  and  size  of  tubers  are  equally  striking.  In  view 
of  these  facts,  I  submit  that  variety  tests  of  potatoes  upon  a 
small  scale  can  have  but  a  small  value  for  determining  the 
probable  relative  yield  of  varieties. 

Poultry  Experiments. 
The  experiments  with  poultry  completed  since  our  last 
annual  report  were  begun  in  the  late  fall  of  1897,  and  ex- 
tended through  the  winter  of  1897  and  1898,  and  a  part  of 
them  through  the  past  summer  and  into  the  fall.  The  points 
upon  which  these  experiments  were  designed  to  afford  in- 
formation are  the  following :  — 

1.  Effect  upon  egg-production  of  the  use  of  condition 
powders. 

2.  Comparative  value  for  egg-production  of  flesh  or 
animal  meal  and  cut  fresh  bone. 

3.  Comparison  for  egg-production  of  a  wide  nutritive 
ration  with  a  narrow ;  or,  in    other  words,   of  a  ration  in 
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which  corn  meal  and  corn  were  prominent  with  one  in  which 
these  feeds  were  replaced  wholly  or  in  large  part  with  more 
nitrogenous  foods,  such  as  wheat  middlings,  gluten  feed, 
wheat  and  oats. 

4.  The  influence  of  the  presence  of  a  cock  with  the  hens 
upon  egg-production. 

General  Conditions. 

In  all  these  experiments  pullets  purchased  in  Plymouth 
County  and  reaching  us  about  the  middle  of  October  were 
used.  These  pullets  were  well-bred  Barred  Plymouth  Rocks, 
not  fancy  stock  {i.  e.,  as  to  feather),  but  bright,  healthy 
stock,  hatched  in  April.  These  pullets  were  evenly  divided 
into  lots  of  twenty  each,  being  matched  in  sets  of  two  lots 
as  closely  as  possible.  Each  lot  occupied  a  detached  house, 
including  laying  and  roosting  room  ten  by  twelve  feet  and 
scratching  shed  eight  by  twelve  feet,  with  the  run  of  large 
yards  of  equal  size  whenever  weather  permitted.  The  Avin- 
ter  tests  began  December  12  and  ended  April  30.  The  latter 
part  of  March  a  few  hens  were  removed  from  each  house  for 
sitters,  the  same  number  from  each.  Egg  records  of  the 
separate  lots  were  kept  from  the  time  laying  began  to  the 
time  of  beginning  experiments,  for  the  purpose  of  affording 
an  index  as  to  the  equality  or  otherwise  of  the  matched  pairs 
of  lots.  The  hens  were  all  marked  with  leg  bands,  as  a  pre- 
cautionary measure  for  the  purpose  of  identification  in  the 
case  of  accidental  mixture  of  fowls. 

All  the  meals  and  the  cut  clover  were  given  in  the  form  of 
a  mash,  fed  early  in  the  morning.  This  was  mixed  the  night 
before  with  boiling  water  until  January  8,  and  fed  at  the 
temperature  of  about  70°  F.  After  January  8,  the  mashes 
were  mixed  with  Ijoiling  Avater  in  the  morning,  and  fed  hot. 
At  noon  a  few  oats  w^ere  scattered  in  the  straw  with  which  the 
scratching  sheds  were  littered.  At  night  the  balance  of  the 
whole  grain  was  fed  (also  by  scattering  in  the  straw)  one 
hour  before  dark.  The  fowls  were  given  what  whole  grain 
they  would  eat  up  clean.  Water,  shells  and  artificial  grit 
were  kept  before  the  fowls  at  all  times.  About  twice  a 
week  a  small  cabbage  was  given  to  each  lot  of  fowls,  this, 
like  all  other  food,  beins:  weighed.     The  esfo-s   from    each 
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lot  were  weighed  weekly.  The  fowls  were  all  weighed  once 
each  month. 

No  male  birds  were  kept  in  any  of  the  pens  in  the  winter 
experiments,  nor,  indeed,  in  any  except  where  the  influence 
of  the  cock  was  the  subject  of  experiment.  Sitters,  except 
those  taken  out,  al)ove  alluded  to,  were  confined  in  a  coop 
until  broken  up,  being  meanwhile  fed  like  their  mates. 

The  prices  per  hundred  weight  for  foods,  upon  which 
financial  calculations  are  based,  are  shown  below :  — 

Wheat, $1  75 

Oats, 1  00 

Wheat  bran, 60 

Wheat  middlings, 75 

Gluten  feed, 2  00 

Animal  meal, 2  00 

Cut  clover  rowen, 1  50 

Cabbage, 25 

Cut  bone, 2  00 

Gluten  meal, 80 

Corn  meal, 85 

Corn, 85 

Composition  of  Foods  {Per  Cent.). 


Kind. 

Moisture. 

AiB  Dbt  Food  contains  — 

Ash. 

Protein.  ^ 

Fibre. 

Extract. 

Fat. 

Whole  wheat, 

10.51 

1.85 

12.64 

2.55 

71.01 

1.44 

Whole  oats, 

8.06 

3.21 

11.96 

11.64 

61.48 

3.65 

Cut  clover  rowen, 

9.80 

7.36 

IT.  88 

22.18 

39.70 

3.08 

Wheat  middlings, 

9.25 

4.63 

17.52 

9.91 

53.11 

5.58 

Animal  meal, 

5.06 

39.26 

37.66 

1.01 

5.56 

11.45 

Whole  corn, 

12.11 

1.31 

9.55 

1.90 

71.26 

3.87 

Kind. 

Moisture. 

Dry  Matter  contains  — 

ABh. 

Protein. 

Fibre. 

Extract. 

Fat. 

Brun 

12.72 

6.96 

18.01 

11.65 

57.92 

6.46 

Gluten  feed, 

9.10 

0.92 

24.59 

7.17 

63.43 

3.89 

Corn  meal,   .... 

13.43 

1.46 

11.01 

1.96 

81.44 

4.13 

Cabbage 

89.45 

7.94 

25.69 

9.31 

54.76 

2.30 

Cut  bone,      .... 

26.29 

21.50 

20.62 

- 

- 

31.38 

Gluten  meal, 

8.77 

1.50 

37.64 

3.87 

54.59 

2.40 
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1.     Effect  of  Condition  Powder  upon  Egg-production. 

Each  coop  contained  twenty  pullets  at  the  beginning  of 
the  experiment ;  the  fowls  in  the  no  condition-powder  coop 
weighing  103  pounds,  and  having  laid,  November  18  to 
December  12,  46  eggs;  the  fowls  in  the  condition-powder 
coop  weighing  97  pounds,  and  having  laid  14  eggs.  The 
rations  of  the  two  lots  of  fowls  were  the  same,  except  to 
the  morning  mash  of  one  lot  was  added  condition  powder 
to  the  full  amount  recommended  by  makers;  viz.,  3  scoops 
(provided  for  measuring)  heaping  full.  This  amount  of 
condition  powder  was  enough  to  make  the  mash  several 
shades  darker  than  the  one  without  it,  and  to  impart  a 
strong  odor.  Being  mixed  sometimes  in  the  room  where 
milk  was  standing,  it  imparted  a  flavor  to  butter  made  there- 
from which  was  recognized  by  our  expert  butter  maker,  who 
knew  nothing  concerning  its  use,  and  who  worked  in  rooms 
a  quarter  of  a  mile  distant,  to  which  the  milk  was  taken. 
The  pen  receiving  the  powder  consumed  during  the  winter 
four  two-pound  cans  of  it,  costing  at  retail  $4. 

Both  lots  of  fowls  were  healthy  throughout  the  entire 
test.  Two  fowls  were  stolen  from  the  lot  receiving  no 
condition  powders  on  the  night  of  March  27.  One  soft- 
shelled  egg  was  laid  by  a  fowl  receiving  condition  powder. 
The  tables  give  all  details  necessary  to  a  comparison  of  the 
results  :  — 


Foods  consumed,  Condition-poKjder  Experiment. 


Kinds  of  Food. 


Condition 
Powder. 


No  Condition 
Powder, 


Wheat,     . 
Oats, 
Bran, 
Middlings 
Gluten  feed, 
Animal  meal, 
Clover, 
Cabbage,  . 


Lbs.    oz. 
269      0 


155 
44 
44 
44 
52 
43 


15    15 


Lbs.  oz. 

250  0 

152  0 

44  8 

44  8 

44  8 

52  8 

44  8 

15  3 
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Average  Weights  of  the  Fowls  {Pounds). 


Dates. 


Condition 
Powder. 


No  Condition 
Powder. 


December  12, 4.85 

January     31, 5.21 

February   25,  .  . 5.44 

March        30, 5.25 

April  30, 1  5.11 


5.15 
6.41 
5.53 

5.48 
4.88 


Eggs  j)er  Month  (Number) . 


Months. 


Condition 
Powder. 


No  Condition 
Powder. 


December, 
January,  . 
February, 
March, 
April, 

Totals, 


28 

90 

86 

217 

298 


719 


59 
60 
101 
288 
291 


745 


Condition  Powder  for  Egg-production  {December  12  to  A2vil30). 


Condition 
Powder. 


No  Condition 
Powder. 


Hen  days 

Gross  cost  of  food, 

Cost  per  hen  day, 

Total  number  of  eggs, 

Cost  per  egg,  not  including  powder,     . 

Cost  per  egg,  including  powder 

Eggs  per  hen  day, 

Total  weight  of  eggs  (pounds),     .        .        .        . 

Average  weight  of  eggs  (ounces), 

Dry  matter  to  produce  1  egg  (pounds). 

Dry  matter  consumed  per  hen  day  (pounds),     . 

Nutritive  ratio, 

Bitters, 


2,751 
$8  91 
$0  0032 
719 
$0  0124 
$0  OlSO 
.26-1- 
88.08 
1.96 
.82 
.22- 
l:4.6-f- 
8 


2,656 
$8  59 
$0  0032 
745 
$0  0115 
$0  0115 
.28+ 
90.80 
1.95 
.77 
.22— 
1  :4.6— 
14 
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Eggs  from  both  lots  of  fowls  were  tested  under  numbers 
by  two  families.  One  family  reports  no  diiference ;  the 
other  found  the  eggs  from  the  hens  not  getting  the  powder 
"much  preferable"  to  the  others. 

Oondusion. 

A  study  of  the  figures  showing  results  shows  that  the 
hens  not  getting  the  condition  powder  laid  more  eggs,  of 
practically  the  same  average  weight.  The  food  required  to 
produce  a  single  egg  was  less,  and  the  cost  was  very  ma- 
terially less.  The  average  weight  of  the  fowls  not  getting 
the  powder  at  the  close  of  the  experiment  was  about  one- 
quarter  of  a  pound  less  than  that  of  the  other. 

We  have  now  carried  through  three  experiments  to  test 
the  value  of  condition  powder  for  egg-production.  The 
ditferences  have  in  every  case  been  small.  In  favor  of 
the  condition  powder  we  have  one  experiment,  against  it 
we  have  two  experiments.  It  is  not,  however,  my  disposi- 
tion to  claim  that  the  powder  is  injurious,  but  simply  that  it 
is  not  beneficial.  This  the  four  experiments,  carried  out 
with  the  utmost  fairness  and  with  every  care,  certainly 
prove.  In  the  light  of  these  results,  it  is  believed  that 
])oultri/  keepers  throw  away  money  expended  for  condition 
powder. 

2.  Animal  Meal  v.  Cut  Bone  for  Egg-production  (^Decem- 
ber 12  to  April  30). 

In  this  experiment  there  were  nineteen  pullets  in  each 
house  when  the  experiment  began.  Those  in  the  animal- 
meal  house  weighed  101.5  pounds,  and  had  laid,  November 
8  to  December  12,  82  eggs.  The  pullets  in  the  cut-bone 
coop  weighed  101.25  pounds,  and  had  laid  41  eggs. 

In  the  morning  mash  of  one  lot  one  part  animal  meal  to 
five  parts  total  dry  materials  was  used ;  in  the  mash  of  the 
other  lot,  the  same  proportion  of  fresh-cut  bone  was  mixed. 
The  large,  flat  bones,  comparatively  free  from  meat  or  fat, 
were  used. 

In  the  animal-meal  coop  the  health  of  the  birds  was  good, 
but  one  fowl  being  out  of  condition  in  any  way.     She  be- 
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came  .sick  about  vVpril  1 ,  and  was  killed,  as  she  seemed  to 
be  growing  gradually  ^vol•se,  on  April  10.  The  nature  of 
the  trouble  was  unknown.  Almost  from  the  first,  bow^el 
troubles  were  not  uncommon  in  the  cut-bone  coop.  Two 
fowls  died  (December  23  and  January  11)  after  short  ill- 
ness. On  April  11  one  hen  was  found  with  a  disjointed 
leg,  and  she  was  killed.  The  animal-meal  coop  laid  three 
soft-shelled  e<>"<i"s  ;  the  other,  two. 

The  bone  fed  amounted  to  only  .27  ounce  per  hen  daily. 
One-half  ounce  and  over  is  the  usual  recommendation  by 
writers  upon  the  subject.  We  find  it  impossible  to  feed  so 
largely  mthout  serious  bowel  trouble. 


Foods  consumed,  Animal  Meed  v.  Cut  Bone. 


Kinds  op  Food. 


Animal  Meal.       Cut  Bone 


\\Tieat,  .        . 
Oats,      . 
Bran,     .        . 
Wheat  middlingg, 
Gluten  feed, 
Gluten  meal, 
Animal  meal, 
Cut  bone. 
Clover  rowen, 
Cabbage, 


lbs.  oz. 

256  0 

143  0 

44  8 

44  8 

44  8 


44      8 
19      3 


lbs.  oz. 

262  0 

145  0 

39  0 

39  0 


40      0 
39      0 

IS      8 


Average  Weights  of  the  Fowls  {Pounds). 


Dates. 


Animal  Meal. 

Cut  Bone. 

5.34 

5.38 

5.64 

5.66 

5.66 

5.88 

5.09 

5.27 

5.06      • 

5.53 

December  12, 
January  31, 
February  25, 
March  30, 
April  30, 
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Eggs  per  Month  {Number). 


Months. 


Cut  Bone. 


December, 
January, 
February, 
March,  . 
April,    . 
Totals, 


Animal  Meal  v.  Cut  Bone  for  Egg-production. 


Animal  Meal. 


Cut  Bone. 


Total  number  of  eggs 

Hen  days 

GroBB  cost  of  foods, 

Cost  per  egg, 

Cost  per  hen  day, 

Total  weight  of  eggs  (pounds), 
Average  weight  per  egg  (ounces),    . 

Eggs  per  hen  day, 

Dry  matter  consumed  per  hen  day  (pounds), 
Dry  matter  to  produce  1  egg  (pounds),    . 

Nutritive  ratio 

Bitters 


812 
2,561 
$8  45 
$0  0104 
f 0  0033 
100.5 
1.98 
.32 
.22 
.695 
1:4.6 
22 


728 
2,331 
$8  29 
$0  0114 
$0  0035 
88.7 
1.95 
.31 
.23 
.739 
1:4.7 
13 


A  test  of  the  eggs  both  raw  and  boiled  was  made  by  an 
expert,  who  found  the  animal-meal  eggs  inferior,  in  color 
and  flavor,  to  the  others. 

Conclusion. 
In  conclusion,  then,  I  may  quote  the  closing  summary  of 
results  made  in  my  report  upon  a  similar  experiment  last 
year.  "The  advantage  in  this  trial  lies,  then,  clearly  with 
the  animal  meal  as  a  food  for  egg-production.  It  has  given 
more  eggs  ^ of  greater  average  weight  and  at  considerably 
less  cost  than  the  bone ;  and  it  is,  moreover,  a  more  con- 
venient food  to  use,  as  well  as  safer."  In  one  respect  only 
is  the   animal    meal   apparently  inferior   to   the    bone   this 
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year,  viz.,  the  fowls  getting  it  weigh  less  at  the  close  of  the 
experiment  than  the  others.  This  loss  in  weight  is,  how- 
ever, far  more  than  covered  by  the  greater  value  of  eggs 
produced. 

We  have  now  carried  through  five  experiments,  compar- 
ing these  two  feeds.  Two  have  given  results  slightly 
favorable  to  the  bone  in  number  of  eggs ;  one  a  similar  re- 
sult in  favor  of  the  animal  meal ;  and  two  —  the  two  last, 
which  have  been  the  most  perfectly  carried  out  —  have  been 
most  decisively  favorable  to  the  animal  meal.  The  latter 
has  also  been  found  the  safer  food.  The  greatly  preponder- 
ating weight  of  the  evidence  afforded  by  these  experiments^ 
ivhich  have  been  most  carefully  conducted,  is,  therefore,  in 
favor  of  the  animal  meal. 

3.     JSfarroto  v.  Wide  Ration  for  Egg-production. 

The  experiments  coming  under  this  head  have  been  two, 
one  extending  from  December  12  to  April  30,  the  other 
from  May  1  to  October  4.  The  object  in  view  was  to  test 
the  correctness  of  the  generally  held  opinion  that  the  food 
of  the  laying  hen  must  be  very  rich  in  nitrogenous  constit- 
uents. As  we  have  carried  out  the  experiment,  it  amounts 
to  a  substitution  of  corn  meal  for  wheat  middlings  and  gluten 
feed  in  the  morning  mash,  and  the  replacement  of  about  one- 
half  of  the  oats  and  the  wheat  fed  at  night  with  the  corn. 
The  proportions  of  cut  clover  and  of  animal  meal  have  re- 
mained the  same  in  the  two  rations. 

The  health  of  the  fowls  on  both  rations  has  been  uniformly 
good  throughout  both  the  winter  and  summer  test,  with  a 
single  exception,  —  the  loss  of  one  fowl  from  the  cflects 
of  indigestion,  —  on  the  wude  ration.  It  was  found  to  re- 
quire the  exercise  of  more  judgment  in  feeding  to  keep  the 
fowls  on  the  heavier  corn  ration  in  perfect  condition.  They 
were  more  easily  overfed,  and  on  two  or  three  occasions  lost 
appetite  for  their  feed  for  short  periods. 

The  Winter  Experiment. 
On  December  12  the  pullets,  19  in  each  lot,  weighed  as 
follows:  narrow  ration,  101.75  pounds;  wide  ration,  102.5 
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pounds.  The  first  lot  had  laid,  November  12  to  December 
12,  127  eggs;  the  other  lot,  85  eggs,  and  one  in  this  lot 
was  broody.  The  foods  consumed  during  the  winter  exper- 
iment and  other  details  are  shown  in  the  following  table  :  — 


Foods  consumed,  Narroio  v.  Wide  Ration  {December  12  to 
April  30) . 


Kinds  op  Food. 


Narrow  Ration.  Wide  Ration 


Wheat, 
Oats,     . 
Bran,     . 
Middlings,    . 
Gluten  feed. 
Animal  meal. 
Clover,  . 
Corn  meal,    . 
Corn,     . 
Cabbage, 


lbs. 
257 

oz. 
0 

lbs. 
126 

oz 

0 

147 

0 

63 

0 

43 

0 

39 

0 

43 

0 

- 

43 

0 

- 

43 

0 

39 

0 

44 

0 

39 

0 

- 

108 

0 

- 

136 

0 

18 

5 

16 

5 

Average  Weight  of  the  Foids  (Pounds) . 


Dates. 


December  12, 
January  31, 
February  25, 
March  30, 
April  30, 


Number  of  Eggs  per  Month,  Narroio  v.  Wide  Ration,  Winter  Test. 


Months. 


Narrow  Ration. 

Wide  Ration. 

94 

89 

99 

148 

147 

258 

310 

317 

210 

259 

860 

1,071 

December  12  to  31, 
January, 
February, 
March,  . 
April,    . 

TotalB,    . 
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N'arroiv  v.  Wide  Ration  for  Egg-production,   Winter  Test. 


Narrow  Ration.]  Wide  Ration. 


Hen  days 2,529 

Gross  cost  of  foods, $8  54 

Cost  per  hen  day $0  0033 

Total  number  of  eggs, 860 

Cost  per  egg, $0  0099 

Eggs  per  hen  day .34 — 

Total  weight  of  eggs  (pounds) 102.425 

Average  weight  of  eggs  (ounces), 1.98 

Dry  matter  to  produce  one  egg  (pounds),        ....  .655 

Dry  matter  consumed  per  hen  day  (pounds), .        .        .        .  '  .22 

Nutritive  ratio, 1:4.7  — 

Number  of  sitters, 30 


2,538 
$6  56 
$0  0026 
1,071 
$0  0061 
.42+ 
130.53— 
1.95 
.46 
.19 
1:5.6  — 
24 


Summer  Experiment. 
The  summer  experiment  was  continued  with  the  same 
fowls  that  had  been  used  in  the  winter.  The  method  of 
feeding  remained  the  same,  save  in  two  particulars:  (1)  in 
place  of  cut  clover  rowen  in  the  mash  every  morning,  lawn 
clippings  in  such  quantity  as  the  fowls  would  eat  before 
wilting  were  fed  three  times  per  week,  to  each  lot  the 
same ;  and  (2)  the  feeding  of  cabbages  was  discontinued. 
The  yards  (fifty  by  twenty-four  feet)  were  kept  fresh  by 
frequent  use  of  the  cultivator.  The  health  of  one  fowl  only 
suifered  during  the  experiment.  One  of  the  corn-fed  fowls 
appeared  dumpy  for  a  few  days,  but  was  fully  recovered  in 
two  weeks.  As  in  the  \^^nter  test,  the  fowls  fed  largely  on 
corn  showed  less  relish  for  their  whole  grain  than  the  others. 
Food  consumed  and  other  details  are  shown  below :  — 


Foods  consumed,  Narrow  v.  Wide  Ration  {May  1  to  October  4). 


Kinds  of  Food. 


)w  Ration. 

Wide  Rat 

Lbs. 
276 

Lbs. 
131i 

97 

43 

43 

40 

43 

- 

43 

40 

- 

lOOJ 

- 

217i 

43 

16 

Wheat, 
Oats,     . 
Bran,     . 
Middlings,    . 
Animal  meal. 
Com  meal,    . 
Com,     . 
Gluten  feed, . 
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Average  Weight  of  the  Foivls  (Pounds) . 


Dates. 


April  30,  . 
June  11,  . 
July  16,  . 
August  11,  . 
Before  killing. 
Dressed, 


*  Or  86  per  cent. 


t  Or  88  per  cent. 


Eggs i)er  Month  {Number). 


Months. 


Narrow  Ration.  Wide  Ration 


May, 
June, 
July,      . 
August, 
September,   . 
October  1-14, 
Totals,    . 


216 

292 

182 

204 

157 

210 

151 

197 

139 

174 

14 

18 

859 


1,095 


Narrow  v.  Wide  Ration  for  Egg-production,  Sumyner  Test. 


Narrow  Ration.  Wide  Ration 


Hen  days, 

Gross  cost 

Cost  per  hen  day, 

Total  number  of  eggs 

Cost  per  egg 

Eggs  per  ben  day, 

Total  weight  of  eggs  (pounds). 
Average  weight  of  eggs  (ounces) ,     . 
Dry  matter  to  produce  one  egg  (pounds). 
Dry  matter  consumed  per  hen  day  (pounds), 
Bitters 


2,355 
$7  56 
$0  0032 

859 
$0  0088 

.36 
106.3 
1.98 
.57+ 
.21— 
67 


2,512 

$6  64 

$0  0026 

1,095 

$0  0061 

.44 

130 

1.90 

.48+ 

.21+ 

60 
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The  fowls  on  the  wide  (corn)  ration  laid  three  soft-shelled 
eggs  during  the  winter  test  and  one  during  the  summer. 
These  are  not  included  in  the  ta])ular  reports. 

Study  of  the  results  reveals  the  following  facts  :  — 

1.  The  hens  on  the  icide  {_rich  in  corn)  ration  laid  a  great 
tnany  more  eggs  in  both  the  winter  and  in  the  summer  experi- 
ments than  those  on  the  narrower  ration. 

2.  The  difference  in  favor  of  the  wide  ration  amounts  to 
25  per  cent,  in  the  icinter  trial  and  to  331  P^^'  ^^nt.  in  the 
summer  trial,  upon  the  basis  of  equal  number  of  hen  days. 

3.  The  total  cost  of  feeds  was  less  for  the  wide  ration,  and 
of  course  the  cost  per  egg  icas  much  less.  In  the  production 
of  one  hundred  dozen  eggs  the  saving  on  the  basis  of  our 
winter  test  icould  amount  to  §4.56 ;  on  the  basis  of  the  sum- 
mer test,  to  §3.24. 

4.  In  average  weight  of  the  eggs  produced  there  is  a  small 
difference  in  favor  of  the  narroio  ration;  but  in  quality  tJie 
weight  of  family  evidence  shotvs  the  eggs  produced  by  the 
corn-fed  hens  to  have  been  someivhat  superior.  They  were 
deeper  yellow  and  of  a  milder  favor  than  the  eggs  from  the 
narrower  ration. 

5.  The  fowls  on  the  wide  ration  gained  somewhat  in 
weight  and  were  heavier  at  the  close  of  the  experiment  than 
the  others,  notwithstanding  the  much  larger  nmnber  of  eggs 
laid. 

At  the  close  of  the  experiment  the  fowls  were  closely 
judged  as  to  the  condition  of  the  plumage  while  still  living, 
and  it  was  decided  that  the  corn-fed  hens  were  farther 
advanced  in  moulting  than  the  others.  The  fowls  were 
slaughtered,  and  the  judgment  of  the  men  removing  the 
feathers  coincided  with  the  judgment  on  the  living  fowls. 

The  averages  before  and  after  dressing  were  as  follows: 
narroic-ration  fowls,  5.07  pounds;  dressed  tceight,  4.37 
pounds;  wide-ration  foivls,  5.44  pounds;  dressed  weight, 
4.81  pounds.  The  narrow-ration  fowls  gave  86  p>er  cent, 
dressed  2veight;  the  others,  88  2)er  cent.  The  dressed  fowls 
icere  pidged  by  a  market  expert,  who  pronounced  the  corn-fed 
fowls  slightly  superior  to  the  others. 

The  results  are  thus  greatly  in  favor  of  the  ration  richer  in 
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com  meal  and  corn;  and  so  importani  ivill  a  hnoioledge  of 
this  fact  prove  (^if  confirmed  by  firther  trials),  because  of  the 
cheapness  of  these  foods  as  compared  vjith  wheat,  that  the  ex- 
pteriinent  is  being  repeated  this  year  with  three  different 
breeds  offowls,  using  corn  yet  m,ore  largely  than  last  year. 

4.     Influence  of  the  Cock  on  Egg-production. 

At  the  close  of  the  winter  tests  the  hens  that  had  been 
used  in  the  condition-powder  and  cut-bone  experiments 
were  matched  in  such  a  manner  as  to  equalize  previous 
feed  conditions  in  four  coops  of  sixteen  fowls  each.  The 
fowls  were  all  put  upon  the  same  feed,  and  egg  records 
were  kept  for  two  weeks,  to  determine  whether  the  fowls 
seemed  evenly  matched.  At  the  end  of  the  time  a  vigorous 
White  Leghorn  cock  was  placed  in  two  of  the  coops.  We 
had  thus  two  experiments  co-incidently  running.  These 
will  be  designated  respectively  test  No.  1  and  test  No.  2. 

Test  iVb.  1.  Influence  of  the  Cock  on  Egg-production.  — 
In  the  preliminary  trial  the  hens  in  pen  1  laid  129  eggs; 
those  in  pen  2,  107  eggs.  In  the  first  pen  five  hens  were 
brooding ;  in  the  second,  seven.  The  fowls  in  both  pens 
were  fed  alike,  each  receiving,  in  addition  to  the  feed  re- 
corded, lawn  clippings  three  times  per  week.  The  experi- 
ment began  May  13  and  extended  to  September  2.  In 
calculating  the  food  cost  per  hen  day  the  cock  is  included 
in  the  hen  days,  but  in  calculating  the  number  of  eggs  per 
hen  day  the  cock  is  not  included.  No  ill  health  or  accidents 
of  any  kind  occurred.     The  cock  in  the  trial  was  in  pen  1. 


Foods  consumed  {Mail  14  to  September  2), 


K1ND8 

OF  Food. 

Penl. 

Pen  2. 

Wheat, 

Lbs. 
194 

82 

32 

32 

32 

32 

Lbs. 
194 

Oats, 

78 

32 

32 

32 

32 

1890.]  PUBLIC  DOCUMENT  — No.  33. 


99 


Average  Weight  of  Fowls  {Pounds). 


Dates. 


Pen  2. 


May  14,  beginning, 

June  11,. 

July  16,. 

August        11, . 
September    1,  end, 


Influence  of  Cock  on  Egg-prodxction. 


Cock 
with  Hens. 


No  Cock 
with  Hens. 


Hen  days,  including  cock 

Hen  days,  without  cock,        .... 

Gross  cost  of  food, 

Cost  per  hen  day 

Total  Qumber  of  eggs, 

Cost  per  egg, 

Eggs  per  hen  day 

Total  weight  of  eggs  (pounds),    . 
Average  weight  of  eggs  (ounces). 
Dry  matter  consumed  per  hen  day  (pounds) 
Dry  matter  consumed  per  egg  (pounds),     . 

Nutritive  ratio 

Sitters, 


1,904 
1,792 
$5  53 
$0  0029 

631 
$0  0O88 
.35+ 
77.3 
1.96 
.19 
.58— 
1:4.7— 
41 


1,792 
$5  49 
$0  0031 

630 
$0  0087 
.36— 
76.79 
1.95 
.20 
.57+ 
1:4.7 
45 


'Test  uVo.  2.  Influence  of  tlie  Cock  on  Egg-production.  — 
During  the  preliminary  period  the  fowls  in  pen  5  laid  90 
eggs,  three  offering  to  sit ;  those  in  pen  (i  laid  107  eggs,  five 
offering  to  sit.  The  cock  was  placed  in  pen  6.  One  hen 
in  pen  G  was  lame  from  July  (!  to  the  end  of  the  test ;  one 
in  pen  5  was  injured  in  the  back  on  July  2'2,  and  died 
August  4.     This  test  closed  August  25. 
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Foods  consumed  {May  14  to  August  25). 


Kinds  op  Food. 


Pen  6. 


Pen  5. 


Wheat,      . 
Oats, . 
Bran, 
Middlings, 
Gluten  feed, 
Animal  meal. 


Lbs. 
161i 

81J 

30J 

30^ 

30J 

30i 


Average  Weight  of  Hens  (Pounds). 


Dates. 


Pen  5. 


May  14, 
June  11, 
July  16, 
August  11, 
August  23, 


lufluence  of  the  Cock  on  Egg-production. 


Cock 
with  Hens. 


No  Cock 
with  Hens. 


Hen  days 

Hen  days  with  cock 

Gross  cost  of  foods 

Cost  per  ben  day 

Total  number  of  eggs,    .        •        .        .        . 

Cost  per  egg 

Eggs  per  hen  day, 

Total  weight  of  eggs  (pounds),    , 
Average  weight  of  eggs  (ounces), 
Dry  matter  to  produce  1  egg  (pounds), 
Dry  matter  consumed  per  ben  day  (pounds), 

Nutritive  ratio 

Sitters 


1,664 
1,768 
$5  24 
$0  0030 

629 
$0  0083 

.38+ 
77.84 
1.98 

.55 

.20 

1:4.8 

35 


$4  89 
$0  0030 

526 
$0  0093 

.33— 
64.76 
1.97 

.63— 

.20 

1:4.7 

33 
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Study  of  these  results  shows  that  the  cock  was  without  ap- 
parent influence  upon  the  egg  product  of  these  fowls.  The 
dift'erences  are  very  small,  too  insignificant  to  have  much 
weight,  even  if  in  both  trials  of  the  same  nature.  When 
we  note,  however,  that  in  o)ic  trial  the  balance  was  very 
slightly  in  favor  of  the  set  of  fowls  with  which  the  cock  was 
kept,  and  that  in  the  other  trial  it  was  with  the  fowls  kept 
without  the  cock,  we  must  conclude  that  the  results  prove 
neither  benefit  nor  injury  due  to  the  presence  of  the  male. 
In  one  respect  only  is  there  agreement  in  the  results  of  the 
two  trials ;  the  average  weight  of  the  eggs  from  the  hens 
with  which  a  male  was  kept  was  slightly  the  greater  in  both 
trials.  It  seems  not  impossible  that  this  eff"ect  may  be  due 
to  the  fact  that  the  eggs  had  been  fertilized.  The  differ- 
ence is,  however,  exceedingly  small,  and  would  be  wholly 
without  significance  to  the  producer  of  eggs  for  market  or 
for  table  use. 
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KEPORT    OF    THE    ENTOMOLOGIST. 


CHARLES   H.   FERNALD. 


The  work  of  the  past  season  has  been  along  the  lines  indi- 
cated in  a  previous  report,  so  far  as  time  and  circumstances 
would  permit.  It  has  seemed  desirable  to  give  especial 
attention  to  the  immediate  needs  of  the  citizens  of  this 
Commonwealth,  as  indicated  by  the  extensive  correspond- 
ence, from  which  one  is  enabled  to  gain  a  pretty  clear  idea 
of  the  insects  especially  troublesome,  and  upon  which  help 
is  needed,  from  year  to  year.  The  work  on  the  gypsy  and 
brown-tail  moths  has  demanded  a  large  amount  of  time,  not 
only  in  frequent  inspections  of  tlie  field  work  in  the  infested 
territory,  but  also  in  planning  and  directing  the  scientific 
part  of  the  work. 

A  monograph  of  the  plume-moths  (^Pteroplioridce)  of  North 
America  was  prepared  and  pulilished  in  the  last  college  re- 
port, and  a  revised  edition  was  issued  in  July  as  a  special 
bulletin  from  this  station.  Such  monographs  are  absolutely 
essential  as  foundation  work  in  economic  entomology.  I  am 
now  at  work,  when  other  duties  permit,  on  a  similar  mono- 
graph of  the  two  remaining  families  of  the  Pyralidae.  Mr. 
Cooley's  monograph  on  the  genus  CJiionaspis,  a  group  of 
very  pernicious  scale  insects,  is  now  quite  far  advanced,  and 
will  soon  be  ready  for  publication. 

The  San  Jose  Scale. 
This  insect  has  now  unfortunately  become  established  in 
various  parts  of  the  State,  and  has  been  sent  here  for  deter- 
mination during  the  past  season  more  frequently  than  any 
other.     This  pest,  as  well  as  several  other  injurious  scale 
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insects,  has  been  l)rought  into  the  State  and  distributed 
among  our  fruit  growers  on  nursery  stock ;  and,  unless 
present  in  large  numbers,  they  are  liable  to  be  entirely 
overlooked,  both  by  the  nurseryman  and  the  purchaser,  but 
when  they  are  discovered,  not  only  does  the  purchaser  suffer 
from  the  loss  of  his  trees,  but  the  nurseryman  is  sure  to  lose 
his  trade.  As  a  result,  some  of  our  more  progressive  dealers 
in  nursery  stock,  by  my  advice,  have  built  fumigating  houses, 
and  treat  all  stock  received  and  sent  out,  with  hydro-cyanic 
acid  gas. 

Many  of  the  other  States  have  enacted  laws  for  the  regular 
examination  of  their  nurseries,  and  also  prohibiting  the  intro- 
duction of  nursery  stock  that  has  not  1)een  examined  by  an 
expert  entomologist,  appointed  for  that  purpose  l)y  the  State 
from  which  the  stock  was  shipped,  and  accompanied  by  his 
certificate  of  examination.  This  has  shut  out  the  trade  of 
our  nurserymen  more  or  less  from  all  those  States  where 
such  laws  exist,  and,  at  the  same  time,  leaves  Massachusetts 
as  a  dumping  ground  for  the  infested  nursery  stock  of  other 
States.  It  is  evident,  therefore,  that  we  need  some  law  to 
protect  us  against  the  introduction  of  the  San  Jos6  scale  and 
other  injurious  insects. 

The  Grass  Thrips. 
The  amount  of  damage  to  grass  done  by  this  insect  has 
been  estimated  at  more  than  that  of  all  others  com])ined. 
This  may  be  an  overestimate,  but  there  is  no  doubt  that  it 
is  one  of  the  most  destructive  grass  insects  in  this  Common- 
wealth. Very  little  has  been  known  of  it,  beyond  the  foct 
that  it  is  very  injurious ;  but  no  method  of  dealing  with  it 
has  been  suggested  that  promised  any  great  degree  of  suc- 
cess. One  of  my  assistants  has  worked  out  its  life  history 
and  bred  it  through  all  of  its  stages,  and  will  prepare  a 
bulletin  on  it  soon. 

The  Small  Clover-leaf  Beetle. 
This  insect  (P/it/foiiomus  niyrirostris)  is  ver}'"  connnon  on 
the  college  farm,  and  is  quite  destructive  to  the  clover  on 
which  it  feeds.     Its  habits  and  life  history  will  l)e  published 
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when  the  investigations  now  being  made  on  it  are  completed. 
An  allied  species,  the  clover-leaf  beetle  (^Phytonomus  piinc- 
tatus),  is  reported  in  various  parts  of  this  country,  and  is 
said  to  have  done  a  great  deal  of  damage. 

The  Buffalo  Carpet  Beetle. 
The  Buffalo  carpet  beetle  has  caused  housekeepers  more 
or  less  trouble  for  a  long  time,  and  the  correspondence  about 
this  insect  has  been  more  extensive  during  the  last  ten  years 
than  on  almost  any  other.  My  attention  has  recently  been 
called  to  an  invasion  of  this  insect  in  the  storehouse  of  the 
Geo.  Gilbert  Manufacturing  Company,  in  Ware,  where  it  was 
destroying  woolen  goods.  After  considering  the  matter 
very  fully,  the  owners  were  advised  to  close  the  house  as 
tightly  as  possible,  and  fumigate  it  with  hydro-cyanic  acid 
gas.  Full  instructions  were  given,  in  order  that  no  acci- 
dents might  occur  from  the  use  of  this  deadly  gas. 

Arsenate  of  Lead  and  Bordeaux  Mixture. 
Arsenate  of  lead  has  proved  so  valuable  an  insecticide  for 
the  destruction  of  the  gypsy  moth,  as  well  as  other  insects, 
that  several  correspondents  have  inquired  if  it  could  be  used 
with  Bordeaux  mixture.  A  trial  was  therefore  made  on 
several  apple  trees  on  my  own  grounds,  with  most  excellent 
results  and  without  any  injury  to  the  foliage,  though  the 
arsenate  of  lead  was  used  in  the  proportion  of  five  pounds 
to  one  hundred  and  fifty  gallons  of  water.  The  fruit  of 
these  trees  had  been  badly  aftected  by  the  scab  for  several 
years,  but  after  a  single  spraying  with  the  above  prepara- 
tion the  fruit  in  the  fall  was  in  excellent  condition.  Experi- 
ments will  be  performed  with  these  substances  another  year, 
before  g-ivino-  a  detailed  account  of  the  work. 
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REPORT    OF    THE    CHEMIST. 


DEPARTMENT  OF  FERTILIZERS  AND  FERTILIZER 
MATERIALS. 


CHARLES   A.   GOESSMANN. 

Assistants:    henri  d.   haskins,  charles  i.  goessmann,  samuel  w. 

WILEY. 


Part    I.  —  Report  on  Official  Inspection  of  Commercial  Fertilizers. 
Part  II.  —  Report  on  General  Work  in  the  Chemical  Laboratory. 


PART  L— REPORT  ON  OFFICIAL  INSPECTION 
OF  COMMERCIAL  FERTILIZERS  AND  AGRI- 
CULTURAL   CHEMICALS    IN    1898. 


CHARLES  A.   GOESSMANN. 


The  number  of  licensed  manufacturers  and  dealers  in 
commercial  fertilizers  and  agricultural  chemicals  during  the 
past  year  is  sixty-one.  Thirty-five  of  these  parties  have 
offices  for  the  general  distribution  of  their  goods  in  Massa- 
chusetts ;  the  remainder  reside  in  other  States,  —  ten  in 
New  York,  four  in  Connecticut,  three  in  Vermont,  three 
in  Rhode  Island,  one  in  Maine,  one  in  New  Jersey,  one  in 
Illinois  and  two  in  Canada. 

The  distinct  brands  of  fertilizer,  including  chemicals, 
licensed  in  the  State,  are  two  hundred  and  sixty-four. 
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Three  hundred  and  seventy-eight  samples  of  fertilizers 
have  thus  far  been  collected  in  the  general  market  by 
experienced  delegates  of  the  station ;  of  these,  three  hun- 
dred and  sixty-three  samples  were  analyzed  at  the  close  of 
November,  1898,  representing  two  hundred  and  sixty-four 
distinct  brands.  The  results  of  these  analyses  were  pul)- 
lished  for  distribution  in  three  bulletins,  Nos.  51,  54  and 
57,  of  the  Hatch  Experiment  Station  of  the  Massachusetts 
Agricultural  College,  during  the  months  of  February,  July 
and  November,  1898. 

The  remaining  samples  and  others  coming  into  our  hands 
before  the  expiration  of  the  license.  May  1,  1899,  will  be 
analyzed  in  due  time,  and  the  results  published  in  con- 
formity with  our  State  laws  for  the  regulation  of  the  trade 
in  commercial  fertilizers. 

The  modes  of  chemical  analysis  adopted  in  our  examination 
of  fertilizers  are,  in  all  essential  points,  those  recommended 
by  the  Association  of  Official  Chemists. 

For  a  better  understanding  and  due  appreciation  of  the 
trade  in  commercial  fertilizers  during  the  past  year,  the 
following  abstract  of  our  results  is  here  inserted.  To  arrive 
at  a  correct  conclusion,  it  must  be  borne  in  mind  that  only 
the  lowest  stated  guarantee  is  legally  binding  on  all  sales  :  — 

(a)  Where  three  essential  elements  of  plant  food  were 

guaranteed :  —  i897.  i898. 

Number  with  three  elements  equal  to  or  above  the  highest 

guarantee, 3  5 

Number  with  two  elements  above  the  highest  guarantee,     .  2  17 

Number  with  one  element  above  the  highest  guarantee,      .  60  77 
Number  with  three  elements  between  the  lowest  and  liigh- 

est  guarantee, 69  85 

Number  with  two  elements  between  the  lowest  and  highest 

guarantee, 68  93 

Number  with  one  element  between  the  lowest  and  highest 

guarantee, .         .10  54 

Number  with  two  elements  below  the  lowest  guarantee,      .  6  19 

Number  with  one  element  below  the  lowest  guarantee,       .  29  90 

(b)  Where  two  essential  elements  of  plant  food  were 

guaranteed :  — 
Number  with  two  elements  above  the  highest  guarantee,    .       3  5 

Number  with  one  element  above  the  highest  guarantee,      .     10        24 
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Number  with  two  elements  between  lowest  nnd  hio;he.-;t 
guarantee,   ....  

Number  with  one  element  between  lowest  and  highest 
giiai'antee, 12 

Number  with  two  elements  below  the  lowest  guarantee, 

Nimiber  with  one  element  below  the  lowest  guarantee, 

(c)     Where  one  essential  element  of  jilant  food  was 
guaranteed :  — 
Number  above  the  highest  guarantee,  .        .        .        . 
Number  between  lowest  and  highest  guarantee,  . 
Number  below  the  lowest  guarantee, 

A  comparison  of  the  above-stated  results  of  our  inspec- 
tion during  the  years  1897  and  1898  shows  no  material 
differences  regarding  the  general  character  of  the  fertilizers 
sold  in  our  market.  In  a  few  cases  it  became  our  duty  to 
communicate  witli  the  manufacturers,  and  ask  for  an  ex- 
planation. Im})erfect  mixing  proved  in  most  of  these  cases 
the  cause  of  ditterences  between  guarantee  and  our  analysis. 
As  the  connnercial  value  of  the  brand  was  not  materially 
aftected,  with  only  two  or  three  exceptions,  the  cases  were 
passed  over,  after  a  satisfactory  explanation  from  the  party 
interested. 

The  present  condition  of  the  trade  in  commercial  fertilizers 
ofters  exceptional  advantages  to  provide  efiicient  manures  for 
the  successful  raising  of  farm  and  garden  crops  congenial  to 
climate  and  soil.  The  fact  that  the  most  important  essential 
articles  of  plant  food,  as  nitrogen,  potash  and  phosphoric 
acid,  are  freely  oftered  for  sale  in  our  markets  in  forms 
suitable  to  change  the  manurial  refuse  of  the  farm  as  stable 
manure  and  vegetable  compost  into  complete  manures  for 
the  crops  to  be  raised,  deserves  the  most  serious  attention 
of  farmers.  To  render  the  staled  waste  products  of  the  farm 
in  a  higher  degree  efficacious  as  a  manure  supply  cannot  be 
otherwise  considered  than  as  a  most  promising  stej)  in  the 
direction  of  an  economical  supply  of  plant  food  for  the  pro- 
duction of  farm  and  garden  crops. 

As  the  manufacturer  at  best  can  only  prepare  his  special 
or  so-called  complete  fertilizers  on  general  lines,  not  know- 
ing the  particular  character  and  condition  of  the  soil  which 
receives  them,  it  becomes  the  business  of  the  farmer  to  make 
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his  selection  with  due  care.  An  intelligent  selection  of  fer- 
tilizers from  among  the  various  brands  offered  for  sale 
requires,  in  the  main,  two  kinds  of  knowledge ;  namely, 
that  the  brand  of  fertilizer  in  question  actually  contains  the 
guaranteed  quantities  and  qualities  of  essential  articles  of 
plant  food  at  a  reasonable  cost,  and  that  it  contains  them  in 
such  form  and  proportions  as  will  best  meet  under  existing 
circumstances  the  special  wants  of  soil  and  crop. 

As  the  physical  conditions  and  chemical  resources  of  soils 
in  available  plant  food  frequently  difter  widely  even  on  the 
same  farm,  no  definite  rule  can  be  given  for  manuring  farm 
lands,  beyond  the  advice  to  return  to  the  soil  in  available 
form  those  plant  constituents  which  the  crops  raised  in  pre- 
ceding years  have  abstracted  in  exceptionally  large  propor- 
tion, and  which  will  be  especially  called  for  by  the  crops  to 
be  raised. 

To  assist  farmers  in  selecting  their  fertilizers  with  refer- 
ence to  the  wants  of  the  crops  they  wish  to  cultivate,  the 
writer  has  for  years  published  in  his  annual  reports  a  com- 
pilation of  the  analyses  of  farm  and  garden  crops,  to  serve 
as  a  guide  to  all  interested  in  a  rational  mode  of  manuring 
plants.  Copies  of  these  compilations  of  analyses  may  be 
secured  by  asking  for  them  at  the  office  of  the  Hatch  Ex- 
periment Station,  at  Amherst,  Mass. 

In  making  choice  from  among  the  so-called  complete  fertil- 
izers, two  points  in  particular  seem  to  be  worth  rememl)ering. 
First,  select  them  with  reference  to  the  amount,  the  quality 
and  the  kind  of  essential  constituents  they  are  guaranteed 
to  contain,  and  not  merely  with  reference  to  the  cost  per 
ton  ;  mere  trade  names  are  no  giiaraiitee  of  fitness.  High- 
priced  articles,  when  offered  by  reputable  manufticturers, 
have  proved  in  many  instances  cheaper  than  low-priced 
goods.  Second,  hnj  your  supplies  of  reputa])lc  dealers, 
and  insist  in  all  cases  on  a  statement  of  guaranteed  com- 
position. 

Valuation  of  Commercial  Fertilizers. 

The  market  value  of  the  higher  grades  of  agricultural 
chemicals  and  compound  feitilizers  depends  in  the  ma- 
jority of  cases  on  the  amount  and  the  particular  form  of 
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the  three  essential  articles  of  plant  food  which  they  contain, 
t.e.,  nitrogen,  potash  and  phosphoric  acid.  Supply  and 
demand  control  the  temporary  market  prices  not  less  in  the 
fertilizer  trade  than  in  other  lines  of  commercial  business. 

The  approximate  value  of  a  fertilizer,  simple  or  com- 
pound, is  obtained  by  multiplying  the  pounds  contained  in 
a  ton  of  two  thousand  pounds  by  the  trade  value  per  pound 
of  each  of  the  three  above-stated  essential  constituents  of 
plant  food  present.  The  same  course  is  adopted  with  refer- 
ence to  the  different  forms  of  each,  wherever  diflerent  prices 
are  recognized  in  the  trade.  Adding  the  different  values 
per  ton  obtained,  we  find  the  total  value  per  ton  at  the 
principal  ])lace  of  distribution. 

As  farmers  are  quite  freijuently  not  in  the  position  to 
secure  the  desired  information  regarding  the  market  cost 
of  fertilizers  they  wish  to  secure,  the  official  inspectors  of 
commercial  fertilizers  have  aided  them  for  years  in  ascer- 
taining the  current  market  prices  of  the  following  leading 
or  standard  raw  materials  :  — 


Sulphate  of  ammonia. 
Nitrate  of  soda. 
Muriate  of  potash. 
Sulphate  of  potash. 
Cotton-seed  meal. 
Dry  ground  fish. 
Azotiu. 


Ammouiate. 

Castor  pomace. 

Linseed  meal. 

Dried  blood. 

Dried  ground  meat. 

Bone  and  tankage. 

Plain  superphosphates,  etc. 


which  serve  largely  in  the  manufacture  of  good  fertilizers  for 
our  market ;  and  have  published  the  results  of  their  inquiries 
in  the  form  of  tal)les,  stating  the  average  trade  values  per 
pound,  for  the  six  months  preceding,  of  the  different  kinds 
and  forms  of  fertilizing  materials  at  the  leading  places  of 
distribution. 

The  values  stated  below  are  based  on  the  condition  of  the 
fertilizer  market  in  centres  of  distribution  in  New  England 
during  the  six  months  preceding  March,  1897  and  1898  :  — 
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Trade   Values  of  Fertilizing  Ingredients   in   Raio   Materials   and 
Chemicals,  1897  and  1898  {Gents  per  Pound). 


Nitrogen  in  ammonia  salts, 

Nitrogen  in  nitrates, 

Organic  nitrogen  in  dry  and  fine  ground  fish,  meat  blood 

and  in  high-grade  mixed  fertilizers,  . 
Organic  nitrogen  in  cotton-seed  meal,  . 
Organic  nitrogen  in  fine  bone  and  tankage,  . 
Organic  nitrogen  in  medium  bone  and  tankage,  . 
Phosjihoric  acid  soluble  in  water,  .... 
Phosphoric  acid  soluble  in  ammonium  citrate, 
Phosphoric  acid  in  fine  bone  and  tankage,     . 
Phosphoric  acid  in  cotton-seed  meal,  castor  pomace, 

ashes  and  fine-ground  fish,  .... 

Phosphoric  acid  in  coarse  bone  and  tankage. 
Phosphoric  acid  insoluble  (in  ammonium  citrate)  in  mixed 

fertilizers, 

Potash  as  sulphate  (free  from  chlorides), 
Potash  as  muriate, 


wood 


1897. 

13.5 
14.0 

14.0 

12.0 

13.5 

11.0 

5.5 

5.0 

5.0 

5.0 
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2.0 
5.0 
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14.0 
13.0 

14.0 
12.0 
13.5 

10.0 
4.5 
4.0 
4.0 

4.0 
3.5 

2.0 
5.0 
4.25 


From  these  figures  it  is  apparent  that  some  of  the  best 
forms  of  nitrogen  and  phosphoric  acid  have  suftered,  as  a 
rule,  a  reduction  in  cost,  as  compared  with  preceding  years. 

For  further  details  I  have  to  refer  to  preceding  annual 
reports. 

Consumers  of  cotnmercial  manurial  substances  will  do  ivell 
to  buy,  whenever  practicable,  on  a  guarantee  of  comjjosition 
of  their  essential  constituents,  and  to  see  that  the  bill  of  sale 
recognizes  the  point  of  the  bargain.  Anij  mistake  or  mis- 
understanding in  the  transaction  may  be  readily  adjusted,  in 
that  case,  between  the  contending  parties. 

The  responsibility  of  the  dealer  ends  with  furnishing  an 
article  corresponding  in  its  composition  with  the  lowest 
stated  quantity  of  each  specified  essential  constituent. 

It  is  of  the  first  importance,  when  buying  fertilizers  for 
home  composition,  to  consider  their  cost  Avith  reference  to 
what  they  promise  to  furnish. 


1899.] 


PUBLIC  DOCUMENTING.  33. 


HI 


List  of  Manufacturers  and  Dealers  who  have  secured  Certificates 
for  the  Sale  of  Commercial  Fertilizers  in  the  State  during  the 
Past  Tear  (May  1,  1898,  to  May  1,  1899),  and  the  Brands 
licensed  by  Each. 


The  Armour  Fertilizer  Works,  Chicago, 
111.  :  — 
Bone  Meal. 
Bone  and  Blood. 
Amraoniated  Bone  and  Potash. 
All  Soluble. 

Bone,  Blood  and  Potash. 
Grain  Grower. 

Wm.  H.Abbott,  Holyoke,  Mass.  :  — 
Eagle  Brand  for  Grass  and  Grain. 
Complete  Tobacco  Fertilizer. 

American   Cotton  Oil   Co.,  New  York, 
N.  Y. :  - 
Cotton-seed  Meal. 

Butchers'  Rendering  Association,  Fall 
River,  Mass. :  — 
Bone  and  Tankage. 

Bartlett  &  Holmes,  Springfield,  Mass. :  — 
Pure  Ground  Bone. 
Animal  Fertilizer. 
Tankage. 

H.  J.  Baker  &  Bro.,  New  York,  N.Y. :  — 
Standard  Un  X  Ld  Fertilizer. 
Strawberry  Manure. 
Potato  Manure. 
Complete  Cabbage  Manure. 
A.  A.  Ammoniated  Superphosphate. 
Complete  Manure  for  General  Use. 
Grass  and  Lawn  Dressing. 

C.  A.  Bartlett,  Worcester,  Mass. :  — 
Fine-ground  Bone. 
Animal  Fertilizer. 

Berkshire  Mills  Co.,  Bridgeport  Conn. :  — 
Complete  Fertilizer. 
Ammoniated  Bone  Phosphate. 

Hiram  Blanchard,  Eastport,  Me. :  — 


Fish,  Bone  and  Potash, ^H^B. 
Fish  Scrap  No.  2,<H^B. 


Bowker  Fertilizer  Co.,  Boston,  Mass. :  — 
Stockbridge  Special  Manures. 
Hill  and  Drill  Phosphate. 
Farm  and  Garden  Phosphate. 
Lawn  and  Garden  Dressing. 
Fish  and  Potash. 
Potato  and  Vegetable  Manure. 
Potato  Phosphate. 
Market  Garden  Manure. 
Sure  Crop  Phosphate. 
Gloucester  Fish  and  Potash. 
High-grade  Fertilizer. 
Essex  Fertilizer. 
Bone  and  Wood  Ash  Fertilizer. 
Nitrate  of  Soda. 
Dried  Blood. 
Dissolved  Bone-black. 
Muriate  of  Potash. 
Sulphate  of  Potash. 

William    E.    Brightman,    Tiverton, 
R.I.:  — 
Potato  and  Root  Manure. 
Phosphate. 
Fish  and  Potash. 

Bradley  Fertilizer  Co.,  Boston,  Mass. :  — 
X.  L.  Superphosphate. 
Potato  Manure. 
B.  D.  Sea  Fowl  Guano. 
Complete  Manures. 
Fish  and  Potash. 
Amnioniated  Bone  Pliosphate. 
Breck's  Lawn  and  Garden  Dressing. 
Sulphate  of  Potash. 
Corn  Pliosphate. 
Muriate  of  Potash. 
Nitrate  of  Soda. 
Dissolved  Bone. 
Fine-ground  Bone. 

Daniel  T.  Church,   Providence,   R.  I. 
(E.  Wilcox,  general  agent)  :  — 
Church's  B  Special. 
Church's  C  Standard. 
Church's  D  Fish  and  Potash. 

Clark's   Cove    Fertilizer    Co.,   Boston, 
Mass.:  — 
Bay  State  Fertilizer. 
Bay  State  Fertilizer  G.  G.  Brand. 
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Clark's  Cove  Fertilizer  Co.  —Con. 
Great  Planet  Manure, 
Potato  Fertilizer. 
King  Philip  Guano. 
Potato  Manure. 
Fish  and  Potash. 
White  Oak  Pure  Bone  Meal. 

Cleveland  Dryer  Co.,  Boston,  Mass. :  — 
Superphosphate. 
Potato  Phosphate. 
Cleveland  Fertilizer. 

E.  Frank  Coe  Co.,  New  York,  N.  Y. :  — 
High-grade  Potato  Fertilizer. 
Tobacco  and  Onion  Fertilizer. 
High-grade  Ammoniated  Bone  Su- 
perphosphate. 
Gold  Brand  Excelsior  Guano. 
Fish  Guano  and  Potash. 
Bay  State  Phosphate. 
Vegetable  and  Vine  Fertilizer. 

Crocker  Fertilizer  and  Chemical  Co., 
BufFalo,  N.Y.:  — 

Ammoniated  Bone  Superphosphate. 

Potato,  Hop  and  Tobacco  Phos- 
phate. 

Ammoniated  Wheat  and  Corn  Phos- 
phate. 

New  Rival  Ammoniated  Superphos- 
phate. 

Vegetable  Bone  Superphosphate. 

General  Crop  Phosphate. 

Universal  Grain  Grower. 

Special  Potato  Manure. 

New  England  Tobacco  and  Potato 
Grower. 

Cumberland  Bone  Phosphate  Co.,  Bos- 
ton, Mass.:  — 
Superphosphate. 
Potato  Fertilizer. 
Concentrated  Phosphate. 
Fertilizer. 

L.  B.  Darling  Fertilizer  Co.,  Pawtucket, 
R.  I.:  — 
Animal  Fertilizer. 
Potato  and  Root  Crop  Manure. 
Tobacco  Grower. 
Blood,  Bone  and  Potash. 
Special  Formula. 
Fine-ground  Bone. 
Muriate  of  Potash. 
Nitrate  of  Soda. 
Farm  Favorite. 


John  C.  Dow  &  Co.,  Boston,  Mass.:  — 
Nitrogenous  Superphosphate. 
Pure  Ground  Bone. 

Eastern  Chemical  Co.,  Boston,  Mass. :  — 
Imperial  Liquid  Plant  Food. 

W.  E.  Fyfe  &  Co.,  Clinton,  Mass. :  — 
Wood  Ashes. 

Great  Eastern  Fertilizer  Co.,  Rutland, 
Vt  :  — 
Northern  Corn  Special. 
General  Fertilizer. 
Vegetable,  Vine  and  Tobacco  Fer- 
tilizer. 
Garden  Special. 
Grass  and  Oats  Fertilizer. 

Thomas  Hersom  &  Co.,  New  Bedford, 
Mass. :  — 
Bone  Meal. 
Meat  and  Bone. 

Edmund  Hersey,  Hinghara,  Mass. :  — 
Ground  Bone. 

Thomas  Kirley,   South   Hadley    Falls, 
Mass. :  — 
Pride  of  the  Valley. 

Lister's  Agricultural  Chemical  Works, 
Newark,  N.  J. :  — 
Lister's  Celebrated  Onion  Fertilizer. 
Lister's  Success  Fertilizer. 
Lister's  Special  Potato  Fertilizer. 
Lister's  Special  Tobacco  Fertilizer. 

Lowell  Fertilizer  Co.,  Boston,  Mass. :  — 
Bone  Fertilizer  for  Corn  and  Grain. 
Animal  Fertilizer. 
Potato  Phosphate. 
Bone  and  Potash. 
Lawn  Dressing. 
Tobacco  Manure. 
Fruit  and  Vine  Fertilizer. 
Market-garden  Fertilizer. 
Ground  Bone. 

Lowe  Bros.,  &  Co.,  Fitchburg,  Mass.  :  — 
Tankage. 

F.  R.  Lalor,  Dunville,  Ontario,  Can. :  — 
Canada     Unleached     Hard-wood 

Ashes. 
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The  Mapcs  Formula  and  reruvian  Guano 
Co.,  New  York.N.  Y.  :  — 
Bone  Manures. 
Superphosphates. 
Special  Crop  Manures. 
Sulphate  of  Potash. 
Double  Manure  Salts. 
Nitrate  of  Soda. 

E.  McGarvey  &  Co.,  London,  Ontario, 
Can.:  — 
Unleached  Hard-wood  Ashes. 

McQuade  Bros.,  West  Auburn,  Mass. :  — 
Fine-ground  Bone. 

Geo.  L.  Monroe,  Oswego,  N.  Y. :  — 
Canada     Unleached     Hard-wood 
Ashes. 

National    Fertilizer    Co.,    Bridgeport, 
Conn. : — 
Complete  Fertilizers. 
Ammoniated  Bone. 
Market-garden  Manure. 
Potato  Phosphate. 
Fish  and  Potash. 
Ground  Bone. 

Niagara    Fertilizer    Works,    BuflTalo, 
N.Y.:  — 

Wheat  and  Corn  Producer. 

Potato,  Tobacco  and  Hop  Fertilizer. 

Niagara  Triumph- 
Packers    Union    Fertilizer    Co.,   New 
Y'ork.N.  Y.  :  — 

Universal  Fertilizer. 

Wheat,  Oats  and  Clover  Fertilizer. 

Animal  Corn  Fertilizer. 

Potato  Manure. 

Gardener's  Complete  Manure. 

Pacific  Guano  Co.,  Boston,  Mass. :  — 
Solul)le  Pacific  Guano. 
Special  Potato  Manure. 
Nobsque  Guano. 
High-grade  General  Fertilizer. 
Grass  and  Grain  Fertilizer. 
Fish  and  Potash. 

Pacific   Guano   with    10    per  cent. 
Potash. 

Parmenter    &    Polsey    Fertilizer    Co., 
Peabody,  Mass. :  — 
Plymouth  llock  Brand. 
Star  Brand  Superphosphate. 


Parmenter  &    Polsey  Fertilizer  Co.  — 
Con. 
Special  Potato. 
Strawl)erry  and  Small  Fruits. 
Ground  Bone. 
Muriate  of  Potash. 
Sulphate  of  Potash. 
Nitrate  of  Soda. 
P.  &  P.  Potato  Fertilizer. 

A.  W.  Perkins  &  Co.,  Rutland,  Vt.  :  — 
Plantene. 

Prentiss,     Brooks     &     Co.,    Holyoke, 
Mass. :  — 
Complete  Manures. 
Phosphate. 
Nitrate  of  Soda. 
Muriate  of  Potash. 
Sulphate  of  Potash. 

Preston    Fertilizer    Co.,    Brooklyn, 
N.  Y. :  — 
Pioneer. 

Potato  Fertilizer. 
Superphosphate,  I. 

Quinnipiac  Co.,  Boston,  Mass.:  — 
Phosphate. 
Potato  Manure. 
Market-garden  Manure. 
Fish  and  Potash. 
Grass  Fertilizer. 
Corn  Manure. 
Potato  Phosphate. 
Climax  Phosphate. 
Pure  Ground  Bone. 
Muriate  of  Potash. 
Sulphate  of  Potash. 
Nitrate  of  Soda. 
Kainit. 
Dissolved  Bone-black. 

Benjamin     Randall,     East     Boston, 
Mass. :  — 
Market-garden  Fertilizer. 
Farm  and  Field. 
Ground  Raw  Bone. 

Read  Fertilizer  Co.,  New  York,  N.  Y. 
(H   D.  Foster,  general  agent)  :  — 
Standard  Fertilizer. 
High-grade  Farmers'  Friend. 
Practical  Potato  Special. 
Vegetable  and  Vine. 
Fish,  Bone  and  Potash. 
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N.  Roy  &  Son,  South  Attleborough, 
Mass. :  — 
Complete  Animal  Fertilizer. 

The  Rogers  &  Hubbard  Co.,  Middle- 
town,  Conn. :  — 

Hubbard's  Soluble  Potato  Manure. 

Hubbard's  Soluble  Tobacco  Manure. 

Hubbard's  Fairchild's  Formula  for 
Corn  and  General  Crops. 

Hubbard's  Grass  and  Grain  Fertil- 
izer. 

Hubbard's  Oats  and  Top-dressing 
Fertilizer. 

Hubbard's  Pure  Raw  Knuckle  Bone 
Flour. 

Hubbard's  Strictly  Pure  Fine  Bone. 

Hubbard's  Fertilizer  for  all  Soils 
and  all  Crops. 

Russia  Cement  Co.,  Gloucester,  Mass.  :— 
XXX  Fish  and  Potash. 
High-grade  Superphosphate. 
Corn,  Grain  and  Grass  Manure. 
P.itato,  Root  and  Vegetable  Manure. 
Odorless  Lawn  Dressing. 
Potato  Fertilizer. 
Dry  Ground  Fish. 
Special  Manure  for  Carnations. 

Lucien  Sanderson,  New  Haven,  Conn.  :— 
Formula  A. 
Blood,  Bone  and  Meat. 
Dissolved  Bone-black. 
Nitrate  of  Soda. 
Sulphate  of  Potash. 
Muriate  of  Potash. 
Sanderson's   Old    Reliable    Super- 
phosphate. 
Sanderson's  Potato  Manure. 

Edward    H.    Smith,    Northborough, 
Mass. :  — 
Ground  Bone. 

Thomas  L.  Stetson,  Randolph,  Mass. :  — 
Ground  Bone. 

StandardFertilizerCo.,Boston,Mass.  :— 
Standard  Fertilizer. 
Standard  Guano. 
Complete  Manure. 
Special  for  Potatoes. 

C.  F.  Sturtevant,  Hartford,  Conn. :  — 
Tobacco  and  Sulphur  Fertilizer. 


Henry  F.  Tucker,  Boston,  Mass. :  — 
Original    Bay    State   Bone    Super- 
phosphate. 
Imperial  Bone  Superphosphate. 
Special  Potato  Fertilizer. 
Bay  State  Special. 

Andrew  H.  Ward,  Boston,  Mass. :  — 
Ward's  Chemical  Fertilizer. 

1.  S.  Whittemore,  Wayland,  Mass. :  — 
Complete  Manure. 

D.  Whithead,  Lowell,  Mass. :  — 
Champion  Garden  Fertilizer. 
Bone  Meal. 

The  Wilcox  Fertilizer  Works,  Mystic, 
Conn. : — 
Potato,  Onion  and  Tobacco  Manure. 
High-grade  fish  and  potash. 
Dry  Ground  Fish  Guano. 
Fish  and  PQtash  1895  Brand. 

Williams  and  Clark  Fertilizer  Co  ,  Bos- 
ton, Mass. :  — 
Ammoniated  Bone  Superphosphate. 
Potato  Phosphate. 
High-grade  Special. 
Fine  Wrapper  Tobacco  Grower. 
Royal  Bone  Phosphate- 
Corn  Phosphate. 
Potato  Manure. 
Grass  Manure. 
Fish  and  Potash. 
Prolific  Crop  Producer. 
Onion  Manure. 
Bone  Meal. 
Dry  Ground  Fish. 
Sulphate  of  Potash. 
Muriate  of  Potash. 
Nitrate  of  Soda. 
Dissolved  Bone-black. 

M.  E.  Wheeler  &  Co.,  Rutland,  Vt.  :  — 
High-grade  Corn  Fertilizer. 
High-grade  Potato  Manure. 
Superior  Truck  Fertilizer. 
High-grade  Fruit  Fertilizer. 
High-grade  Grass  and  Oats  Fertil- 
izer. 

A.  L.  Warren,  Northborough,  Mass. :  — 
Fine -ground  Bone. 

Sanford  Winter,  Brockton,  Mass. :  — . 
Fine-ground  Bone. 
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PART  II.— REPORT  ON  GENERAL  WORK  IN  THE 
CHEMICAL   LABORATORY. 


CHARLES  A.   GOESSMANN. 


1.  Analyses  of  Materials  sent  on  for  Examination. 

2.  Notes  on  AVood  Ashes,  Condition  of  Trade,  etc. 

3.  Notes  on  Fertilizers  for  Pot  Cultivation  and  Green- 

houses. 

4.  Observations  regarding  the  Action  of  Acid  and  Basic 

Phosphates  on  the  Availibility  of  the  Nitrogen  in 
Blood,  Steamed  Leather  and  Leather  Scraps. 

5.  Notes  on  the  Determination  of  the  Available  Phos- 

phoric Acid  in  the  Soil. 

6.  Analyses  of  Drainage  Waters  obtained  in  Connec- 

tion with  Some  Field  Experiments  carried  on  upon 
the  Grounds  of  the  Station. 

1.     Analyses  of  Materials  sext  ox  for  Examixatiox. 

The  number  of  sul)stauces  tested  in  this  connection  amount 
to  several  hundred.  The  results  of  our  examination  are 
already  published  in  detail  in  Bulletins  51,  54  and  57  of 
the  Hatch  Experiment  Station  of  the  Massachusetts  Agri- 
cultural College,  in  connection  M'ith  the  results  of  the  official 
inspection  of  connnercial  fertilizers  collected  from  original 
packages  by  an  efficient  delegate  of  the  station. 

The  responsibility  of  the  genuineness  of  the  articles  sent 
on  for  examination  rests  in  all  cases  with  the  parties  asking 
for  the  analysis.  Our  })ul)lication  of  the  results  refers  merely 
to  the  locality  they  come  from,  to  avoid  misunderstandings. 
The  work  carried  on  in  this  connection  is  growing  from 
year  to  year  in  importance. 

A  large  proportion  of  comtnorcial  manurial  substances 
consist  of  by  or  waste  })roducts  of  various  industries.  The 
composition  and  general  character  of  these  materials  depend 
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on  the  current  mode  of  manufacture.  The  rapid  advance- 
ment in  many  branches  of  industries  is  at  any  time  liable  to 
affect  more  or  less  seriously  the  commercial  as  well  as  the 
manurial  value  of  their  waste  products.  A  frequent  exam- 
ination of  that  class  of  materials  cannot  fail  to  benefit  the 
vital  interests  of  our  farming  community.  For  this  reason, 
arrangements  were  made,  as  in  previous  years,  to  attend  to 
the  examination  of  substances  of  interest  to  farmers,  to  the 
full  extent  of  the  resources  placed  at  the  disposal  of  the 
officer  in  charge  of  this  work. 

These  investigations  are  carried  on  free  of  charge  to  farmers 
of  the  State,  and  as  far  as  the  financial  resources  of  the  lab- 
oratory admit.  The  examination  of  the  materials  is,  as  a 
rule,  carried  on  in  the  order  they  arrive  at  the  station,  and 
the  results  are  considered  public  property. 

The  following  statement  of  the  names  of  the  diff'erent 
articles  sent  on  and  thus  far  analyzed  may  suffice  here  to 
convey  some  more  definite  idea  concerning  the  general 
character  of  the  work  :  — 


Materials  sent  on,  Dec.  i,  1897,  to  Dec.  i,  1898 


Air-dried  potatoes,  . 

9 

Peat, 

1 

Acid  phosphate, 

2 

Nitrate  of  soda, 

3 

Ashes  from  cremation  of  garb- 

Sulphate of  ammonia. 

1 

age,       .... 

1 

Sulphate  of  potash  and  mag- 

Bleachery refuse,     . 

2 

nesia,     .... 

1 

Broom  corn  seed,     . 

1 

Sulphate  of  jjotash,  . 

2 

Cotton-seed  meal,    . 

2 

Sweet  clover  hay,     . 

3 

Compound  fertilizers, 

21 

Sulphate  of  magnesia,      . 

1 

Cremation  ashes. 

1 

Soya  bean  refuse,     . 

1 

Dissolved  bone-black. 

1 

Starch,      .... 

2 

Fodder  material, 

1 

Sewage,   .... 

1 

Ground  bone,  . 

9 

Soil, 

12 

Ground  fish. 

1 

Silicate  of  potash,    . 

1 

Hoj)  refuse, 

.      1 

Tankage, .... 

3 

Lime-kiln  ashes. 

.      2 

Tobacco  stemS; 

1 

Liquid  fertilizer, 

1 

Tobacco  refuse, 

1 

Manure,    .... 

.     12 

Teopik  fibre,    . 

.      1 

Marl,        .... 

1 

Wood  ashes,     . 

79 

Muriate  of  potash,    . 

.      3 

Wool  waste,     . 

1 

Muck,       .... 

5 

Whale-bone  scrapings,    . 

1 

Minerals,  .... 

.      3 

Vat  deposit, 

1 

Oxalic  acid, 

1 
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A  few  of  the  more  important  of  the  above-stated  ma- 
terials, as  wood  ashes,  etc.,  are  discussed  more  at  length  in 
subsequent  pages. 

2.     Notes  on  Wood  Ashes. 

Wood  ashes  for  manurial  purposes  are  in  our  State  subject 
to  official  inspection,  and  dealers  in  that  connnodity  have  to 
secure  a  license  to  sell  in  our  State  before  they  can  legally 
advertise  their  articles  for  sale.  This  circumstance  makes  it 
obligatory  on  the  dealers  to  state  the  amount  of  potash  and 
of  phosphoric  acid  they  guarantee  in  these  materials,  and  to 
fasten  that  statement  upon  the  package  or  car,  etc.,  which 
contains  them. 

Some  dealers  in  wood  ashes  have  adopted  of  late  the 
practice  of  stating  merely  the  sum  of  both,  instead  of 
specifying  the  amount  of  each  of  them  present.  As  phos- 
phoric acid  and  potassium  oxide  contained  in  wood  ashes  are 
considered,  in  our  section  of  the  country,  pound  for  pound 
of  an  e(iual  commercial  value,  from  4.5  to  5  cents,  no  par- 
ticular o])jection  can  ])c  raised  against  a  joint  statement  of 
l)()tli,  as  far  as  the  mere  money  value  of  the  samples  is 
concerned  ;  yet,  as  this  mode  of  stating  the  guaranteed  com- 
position is  apt  to  lead  to  misconception  and  abuse,  it  ought 
to  be  discouraged  and  discontinued. 

As  the  dealer  is  only  obliged  to  guarantee  the  amount  of 
potash  and  of  phosplioric  acid  [)rcsent  in  a  given  quantity 
of  wood  ashes,  no  serious  objection  can  be  raised  on  the 
part  of  the  buyer  on  account  of  moisture,  etc.,  as  long  as 
tlie  article  contains  the  specified  amount  of  l)otli  potash  and 
phosphoric  acid.  Woml  ashes  ought  to  be  bought  and  sold 
by  weight,  and  not  by  measure,  for  l)oth  moisture  and  the 
general  character  of  foreign  matters  are  a})t  to  seriously 
affect  the  weight  of  a  given  measure. 

During  the  past  year  (1898)  40.1  per  cent,  of  the  ma- 
terials sent  on  for  analysis  consisted  of  wood-ash  samples ; 
during  the  preceding  year  (1897)  they  amounlod  to  40  per 
cent. 

The  general  character  of  the  wood  ashes  sold  during  the 
stated  years  may  l)e  judged  from  the  following  classified 
statement  of  our  results  :  — 
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No.  of  Samples. 

1897.  1898. 

Moisture  from    1  to    3  per  cent., 10  9 

Moisture  from    3  to    6  percent, 8  6 

Moisture  from    6  to  10  per  cent., 13  20 

Moisture  from  10  to  15  per  cent., 19  22 

Moisture  from  15  to  20  per  cent., 11  16 

Moisture  from  20  to  30  per  cent., 10  6 

Moisture  cabove  35  per  cent., 1 

Potassium  oxide  above  8  per  cent., 3  4 

Potassium  oxide  from  7  to  8  per  cent.,       ....        8  6 

Potassium  oxide  from  6  to  7  per  cent.,       .        .        .        .21  8 

Potassium  oxide  from  5  to  6  per  cent.,       ....      28  22 

Potassium  oxide  from  4  to  5  per  cent.,       ....       10  25 

Potassium  oxide  from  3  to  4  per  cent.,       .         .        .        .        3  11 

Potassium  oxide  below  3  i^er  cent., -  3 

Phosphoric  acid  above  2  per  cent., 4  6 

Phosphoric  acid  from  1  to  2  per  cent.,        ....      45  60 

Phosphoric  acid  below  1  per  cent., 24  13 

Average  per  cent,  of  calcium  oxide  (lime),  .         .      34.29  33.60 

f  below  5,     .         .  -        1 

I     6  to  10,     .        .       10  16 

Per  cent,  mineral  matter  insoluble  in   J   10  to  15,     .        .30  31 

diluted  hydrochloric  acid,  from  —      i   15  to  20,     .         .15  15 


I  20  to  30,     .         .        3        13 
I  above  30,    .        .         1  - 

As  the  majority  of  dealers  in  wood  ashes  guarantee  from 
4.5  to  G  per  cent,  of  potassium  oxide  in  their  articles,  it 
will  be  seen  that  a  large  number  of  the  samples  are  below 
even  the  lowest  guarantee ;  showing,  on  the  whole,  that  the 
quality  of  wood  ashes  sold  in  1898  as  a  potash  source  has 
lieen  inferior,  when  compared  with  the  preceding  year. 
Whether  this  circumstance  is  due  to  a  general  decline  of 
the  article  or  to  the  management  of  any  particular  importer 
or  dealer  is  difficult  to  decide  on  our  part,  as  long  as  farmers 
do  not  state  the  name  of  the  party  from  whom  they  have 
bought,  or  the  cost  per  ton  of  the  ashes  they  send  on  for 
examination. 

It  is  most  desirable  to  ascertain  whether  the  general  char- 
acter of  the  w^ood  ashes  is  gradually  declining  from  natural 
causes,  or  whether  some  parties  are  handling  inferior  goods. 
All  interested  in  the  solution  of  this  question  will  confer  a 
favor  on  us  by  sending  with  their  samples  of  wood  ashes  the 
names  of  the  party  from  Avhom  they  bought  the  article,  and 
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state  the  price  per  ton  asked  at  the  nearest  depot  for  gen- 
eral distribution. 

The  large  percentage  of  lime,  from  30  to  40  per  cent., 
found  in  genuine  wood  ashes,  imparts  a  special  agricultural 
value  to  them  as  a  fertilizer,  aside  from  the  amount  of 
potash  and  phosphoric  acid  they  contain.  Wherever  an 
application  of  lime  is  desired,  wood  ashes  deserve  favor- 
able consideration,  on  account  of  the  superior  mechanical 
condition  of  the  lime  they  furnish. 

3.  Notes  on  Fertilizers  suitable  for  raising  Plants 
IN  Pots  and  Greenhouses. 

The  interest  in  raising  plants  in  pots  and  under  glass 
in  greenhouses,  b}-  the  aid  of  commercial  fertilizers,  is 
gradually  increasing,  judging  from  numerous  applications 
for  information. 

The  following  analyses  represent  two  samples  of  fertil- 
izers recommended  for  that  purpose ;  they  were  sent  on 
for  a  general  analysis  l)y  parties  interested  in  the  matter :  — 


Plant  Food  in  Pellet  Form,  sent  on  from  Newtonv 


Moisture, 

Organic  and  volatile  matter,     . 

Ash  constituents 

Water  soluble  material,    . 
Insoluble  residue  (in  water),    . 
Total  phosphoric  acid. 
Soluble  phosphoric  acid,  . 
Reverted  phosphoric  acid, 
Insoluble  phosphoric  acid, 
Potassium  oxide,  total. 
Potassium  oxide,  water  soluble, 

Sodium  oxide, 

Calcium  oxide, 

Magnesium  oxide,     .... 

Chlorine, 

Sulphuric  acid  (SOg), 

Total  nitrogen, 

Nitrogen  as  ammoniatos,  . 

Nitrogen  as  nitrates, 

Nitrogen  as  organic  matter. 

Insoluble  matter  in  dilute  hydrocliloric  acid  (clay), 

Water  solution  strongly  acid. 


lie,  Mass. 

Per  Cent. 

3.39 

41.15 

58.85 

82.40 

17.60 

16.59 

14.58 

1.67 

.34 

7.96 

7.63 

6.19 

4.04 

5.30 

6.05 

17.17 

7.65 

7.06 

.50 

.09 

14.33 
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2.     Liquid  Fertilizer  sent  on  from,  Natick,  Mass. 

rer  Cent. 

Moisture, 90.46 

Solid  residue, 9.64 

Phosphoric  acid, 1.24 

Potassium  oxide, 2.79 

Sodium  oxide, .        .       1 .  67 

Calcium  oxide, 1.82 

Magnesium  oxide, 07 

Chlorine, 02 

Sulphuric  acid  (SO3), 

Total  nitrogen, 1.12 

Nitrogen  as  ammoniates, 39 

Nitrogen  as  nitrates, 73 

Reaction  strongly  acid. 

The  importance  of  the  interests  involved  induced  the 
writer  some  years  ago  to  enter  upon  a  series  of  experi- 
ments, to  assist  in  the  development  of  a  more  efficient 
system  of  manuring  several  important  industrial  crops, 
fruits  and  garden  vegetables.  The  iirst  results  of  that 
investigation  are  published  in  the  eleventh  and  twelfth  re- 
ports of  the  director  of  the  iNIassachusetts  State  Agricultural 
Experiment  Station,  to  which  I  have  to  refer  for  details. 
Those  of  later  years  are  contained  in  the  annual  report  of 
the  Hatch  Experiment  Station  of  the  Massachusetts  Agri- 
cultural College  for  1896  and  1897. 

In  the  course  of  my  discussion  of  the  lessons  to  be  de- 
rived from  the  above-stated  experiment  in  field  and  vegeta- 
tion house,  it  was  recommended  to  observe  the  following 
rules  :  — 

1.  To  avoid  an  accumulation  of  half-decayed  vegetable 
matter  in  the  soil,  and  to  enrich  the  latter  in  the  desired 
direction  by  means  of  concentrated  chemical  manures. 

2.  To  change,  wherever  practicable,  from  season  to  season 
the  position  of  the  various  crops,  to  favor  the  destruction  of 
parasites  and  to  economize  the  inherent  sources  of  plant  food. 

3.  To  avoid  an  accumulation  of  salines  in  the  soil,  not 
called  for  by  the  crops,  or  considered  injurious  to  the 
chemical  or  physical  properties  of  the  soil. 

4.  To  prevent  a  marked  acidity  of  the  soil,  by  a  period- 
ical application  of  air-slacked  lime,  wood  ashes,  etc. 
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5.  To  select  the  various  commercial  forms  of  nitrooon, 
and  potash  in  particular,  with  special  reference  to  the  kind 
and  the  desired  chsiracter  of  the  crop  to  be  raised. 

6.  To  use  as  a  general  fertilizer  a  mixture  of  two  parts 
of  available  potassium  oxide,  one  part  of  availa])le  nitrogen 
and  one  part  of  available  phosphoric  acid,  in  such  quan- 
tities per  acre  as  the  conditions  of  the  soil  and  composition 
of  the  crop  to  be  raised  called  for ;  allowing,  for  the  com- 
position of  one  thousand  pounds  of  green  garden  vegetables, 
on  an  average  :  — 

Pouiuls. 

Nitrogen, 4.01 

Phosphoric  acid, 1.90 

Potassium  oxide, 3 .  90 

On  account  of  the  frequent  cultivation  of  beans  and  peas 
as  garden  crops,  a  feriilizer  of  the  following  composition 
suggested  itself  to  me  :  — 

Parts. 

Available  nitrogen, 1 

Available  potash,      . 2 

Available  phosphoric  acid,         ......  1 

iSIore  recent  observations  contirm  the  advisability  of  the 
previously  stated  rules  in  a  general  ww ;  yet  they  also 
emphasize  the  fact  that,  wherever  the  quality  of  the  crop 
controls  its  economical*  and  commercial  value,  it  seems  ad- 
visable that  care  should  be  taken  to  secure  the  exclusion  of 
an  accunuilation  of  soluble  saline  substances  not  called  for 
by  the  crop.  This  circiunstance  deserves  particular  atten- 
tion in  cultivation  under  glass,  where  the  body  of  the  soil  is 
limited,  and  the  removal  of  such  substances  by  percolation 
to  the  lower  layers  offers  but  little  chance  of  relief. 

In  our  experiments  above  descri])ed  this  view  of  tlie  ques- 
tion of  supplying  plant  food  in  the  greenhouse  has  aided  us 
in  selecting  a  series  of  concentrated  chemical  manures,  which 
for  the  above  reason  are  now  recommended  for  patronage  :  — 
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Name  of  Substance. 

Potassium 
Oxide 

(Per  Cent.). 

Phosphoric 

Acid 
(Percent.). 

Nitrogen 
(Percent.). 

High-grade  muriate  of  potash 

50.00 

- 

- 

High-grade  sulphate  of  potash,   .... 

50.20 

- 

- 

Potash-magneBJa  sulphate 

24.32 

- 

- 

Carbonate  of  potash-magneeia 

18.48 

- 

- 

Phosphate  of  potash, 

32.56 

35.70 

- 

Dissolved  bone-black 

- 

13.88 

- 

Odorless  phosphate,  phosphatic  slag, 

- 

18.42 

- 

Double  superphosphate 

- 

47.80 

- 

Phosphate  of  ammonia 

- 

43.86 

10.37 

Dried  blood, 

- 

4.02 

10.00 

Kitrate  of  soda 

- 

- 

14.28 

Sulphate  of  ammonia 

- 

_ 

19.59 

As  the  local  conditions  of  the  soil  and  the  composition 
of  the  individual  characteristics  of  the  plants  to  be  raised 
deserve  especial  attention,  when  selecting  from  the  above- 
stated  commercial  manurial  substances  the  constituents  for 
the  fertilizer  mixtures  to  be  used,  it  cannot  be  considered 
judicious  to  recommend  any  particular  combination  as  being 
unfailing  and  best  in  all  cases.  For  this  reason  it  has  l)een 
thought  best  to  state  in  this  connection,  as  a  mere  matter 
of  illustration,  a  few  combinations  of  manurial  substances 
which  served  us  well,  as  may  be  noticed  from  a  few  preced- 
ing annual  reports,  —  State  Experiment  Station,  1893,  pages 
241  to  261  ;  and  1894,  pages  274  to  285. 

The  amount  of  fertilizer  recommended  per  acre,  under  Mr 
conditions  of  the  soil,  contains :  — 

Pounds. 

Available  nitrogen, 60 

Available  phosphoric  aoiil, CO 

Available  potash, 120 

Some  Combinations  of  High-grade  Substances  for  Use  in  Garden, 
Greerihouse  and  Pots. 


1.  Nitrate  of  soda. 
High-grade  sulphate  of  potash. 
Dissolved  bone-black. 

2.  Sulphate  of  ammonia. 
High-grade  sulphate  of  potash. 
Dissolved  l)one-black. 


3.  Dried  blood. 

High-grade  sulphate  of  potasli. 
Dissolved  bone-black. 

4.  Nitrate  of  soda. 
Muriate  of  potash. 
Dissolved  bone-black. 
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Mixtures  of  muriate  of  })otash  and  sulphate  of  anuuonia 
have  proved  in  our  experience  in  many  cases  objection- 
able, on  account  of  a  nuitual  decomposition  into  chloride 
of  ammonia  and  sulphate  of  potash. 

4.  Observations  with  Dried  Blood  and  Two  Kinds 
OF  Leather  Refuse  as  the  Sources  of  Nitro- 
gen  FOR   GROWING   RvE    IN    PRESENCE    OF   AciD  AND 

OF  Alkaline  Phosphates. 

In  a  preceding  report  an  experiment  has  been  briefly  de- 
scribed in  which  dried  blood  has  been  compared  with  leather 
refuse  as  a  nitrogen  source  for  growing  plants,  when  used  in 
connection  with  double  phosphate  and  muriate  of  potash. 
The  differences  of  the  crops  raised  were  more  marked  with 
reference  to  the  yield  of  the  straw  than  to  that  of  the  grain. 
(For  details,  sec  annual  report  of  the  Massachusetts  State 
Agricultural  Experiment  Station  for  1894,  pages  283-285.) 
It  seemed  advisa])le  to  repeat  the  experiments,  with  such 
modifications  as  experience  suggested,  to  secure,  if  possible, 
more  decisive  results,  and  to  ascertain  whether  the  degree  of 
availability  of  the  nitrogen  contained  in  the  dried  blood  and 
in  the  leather  refuse  would  not  be  more  strikingly  modified 
by  using  alkaline  pJiospJiates  instead  of  acid  j)JtospJiates  as 
the  phosphoric  acid  source. 

The  following  course  was  adopted.  AVinter  rye  was  again 
selected  for  the  observation.  The  soil  used  was  taken  from 
the  same  locality,  at  eighteen  inches  below  the  surface,  and 
freed  from  coarse  materials  hy  repeated  screening  through 
a  sand  screen,  as  in  the  first  experiment.  The  fertilizers 
used  were  in  each  case  carefully  distributed  throughout  the 
entire  body  of  the  soil.  The  boxes  were  the  same  which 
had  been  used  in  the  preceding  experiments,  containing 
from  seventy-five  to  eighty  pouiuls  of  soil,  having  a  depth 
of  eighteen  inches. 

Six  boxes  were  employed"  in  the  experiment ;  three  served 
for  the  trial  with  ai'id  i)hosphate, — dissolved  bone-black; 
and  three  with  an  alkaline  })hosphate,  —  phosphatic  hlag 
meal.  The  following  mixtures  of  fertilizers  were  used 
(weights  are  stated  in  grams  ;  thirty  grams  equal  to  one 
ounce) : — 


Box  1. 

Sulphate  of  potash, 
Dissolved  bone-black,  . 
Dried  blood, 

.     7.68 
.  24.38 
.  40.22 
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First  Lot,  JSfos.  1 ,  5  a7id  5. 

Box  3. 
Sulphate  of  potash,       .        .     7.68 
Dissolved  bone-black,  .         .24.38 
Philadelphia      tankage     (a 

steamed  leather  refuse) ,  .  57 .  16 

Box  6. 

Sulphate  of  potash, 7.68 

Dissolved  bone-black, 24.38 

Raw-leather  waste, 56.64 

/Second  Lot,  jSfos.  2,  4  and  6. 

Box  2.  Box  4. 

Sulphate  of  potash,     .        .      7.68      Sulphate  of  potash,     .        .      7.68 

Phosphatic  slag  meal,         .     24 .  38      Phosphatic  slag  meal,        .     24 .  38 

Dried  blood,       .        .        .40.22      Philadelphia     tankage     (a 

steamed  leather  refuse) ,     57 .  16 

Box  6. 

Sulphate  of  potash, 7.68 

Phosphatic  slag  meal, 24 .  38 

Raw-leather  waste, 56 .  64 

The  Seed.  — Winter  rye  was  planted  in  all  l)oxes  Oct.  2, 
1894.  The  young  plants  came  up  uniformly  in  all  boxes 
October  5.  They  reached  a  height  of  from  five  to  six 
inches  before  frost  set  in.  After  being  fully  developed, 
they  were  reduced  in  all  the  lioxes  to  a  corresponding 
number,  as  in  the  lirst  experiment. 

The  watering  of  the  soil  w\as  partly  by  subirrigation  and 
partly  by  surface  application,  maintaining  as  far  as  practica- 
ble the  moisture  of  the  soil  from  15  to  18  per  cent,  during 
the  growing  season.  The  experiment  was  conducted  wMth 
a  view  to  expose  the  soil  to  the  unrestricted  influence  of  the 
local  temperature  of  the  various  seasons.  A  layer  of  snow 
served  as  protection  to  the  young  growth  during  severe 
spells  of  frost  in  winter. 

The  manurial  substances  used  consisted  of  high-grade  sul- 
phate of  potash,  dissolved  bone-black,  phosphatic  slag  meal, 
dried  Idood,  Philadelphia  tankage  (a  steamed  leather),  and 
ground  sole  leather  waste.      The   amount  of  nitrogen  and 
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potassium  oxide  applied  was  the  same  in  each  case,  while 
the  amount  of  total  phosphoric  acid  applied  in  case  of  the 
phosphatic  slag  meal  was  one-fourth  more  than  in  the  case 
of  the  dissolved  bone-black,  which  is  practically  all  soluble 
in  water. 

Composition  of  the  Mamirial  Substance  tised,  ivith   Reference   to 
Potash,  Phosphoric  Acid  and  Nitrogen  (Per  Cent.). 


Potaesium 
Oxide. 


Phosphoric 
Acid. 


Nitrogen. 


Sulphate  of  potash,       .... 

Dissolved  bone-black 

Phosphatic  slag  meal,* 

Dried  blood 

Philadelphia  tankage  (Btcamed  leather), 
Ground  leather  waste 


14.00 
18.40 
4.00 


10.00 
7.80 
7.02 


*  Calcium  oxide,  48.6  per  cent. 

They  grew  at  a  similar  rate  during  spring  until  the  latter 
part  of  April,  when  those  which  had  received  dried  blood  as 
nitrogen  source  (boxes  1  and  2)  became  more  stalky,  de- 
veloi)ing  more  and  broader  leaves  than  the  plants  in  boxes 
3,  4,  5  and  6.  This  difference  in  their  growth  became  more 
marked  as  the  season  advanced. 

The  following  statement  gives  the  average  height  of  the 
plants  at  various  stages  of  observation  (inches)  :  — 


May  1. 

May  9. 

May  20. 

June  1. 

Box  1 

8.0 

21.5 

34.0 

50.0 

Box  3 

7.0 

16.5 

24.0 

32.0 

Box  5 

6.0 

14.0 

22.5 

30.5 

Box  2, 

9.0 

26.0 

38.0 

56.5 

Box  4 

7.0 

17.5 

25.0 

32.5 

Box  6, 

7.0 

17.5 

26.0 

35.0 

The  plants  in  all  boxes  began  blooming  about  the  same 
time,  the  first  week  of  June  ;  they  were  harvested  the  tirst 
week  of  July.     There  was  no  marked  difference  in  regard 
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to  time  of  maturing. 


The  general  character  of  the  matured 


growth  ^Ylll  be  seen  from  the  subsequent  statement  of  the 
weights  of  the  average  plant  in  each  case  (grams)  :  — 


Box  1. 

Bos  3. 

Box  5. 

Box  2. 

Box  4. 

Box  6. 

Moisture,       .... 

8  9 

8-9 

8-9 

8-9 

8  9 

8-9 

Total  plant 

57.87 

26.02 

28.80 

115.99 

30.27 

36.21 

Kernels,         .... 

12.77 

5.43 

5.80 

28.89 

6.18 

9.75 

Chaff  and  straw,    . 

45.12 

20.69 

23.00 

87.10 

24.09 

26.46 

One  hundred  kernels,  . 

1.58 

1.44 

1.48 

1.79 

1..58 

1.62 

The  plants  were  in  all  cases  cut  two  inches  above  their 
roots.  As  it  was  of  interest  to  know  the  amount  of  nitrogen 
in  the  kernels  of  the  highest  and  lowest  weights,  a  nitrogen 
determination  of  the  kernels  obtained  in  boxes  1  and  3,  and 
2  and  4  was  carried  out.  The  analyses  gave  the  following 
results  :  — 


No.  or  Box. 

Per  Cent. 
Nitrogen. 

Fertilizing  Elements  Used. 

1 

3 

2 

4 

1.84 
1.91 
2.31 
2.19 

Dried  blood,  dissolved  bone-black. 
Philadelphia  tankage,  dissolved  bone-black. 
Dried  blood,  phosphatic  slag. 
Philadelphia  tankage,  phosphatic  slag. 

Fodder  Analyses  of  Rye  Samples  (Kernels)  as  far  as  Material 
on  Hand  sufficed  for  a  Complete  Analysis.  Sanq^les  grown  in 
Boxes  1,  2,  3  and  4  {Per  Gent.). 


Boxl. 


Box  2. 


Box  3. 


Box  4. 


Moisture, 
Dry  matter, 


10.45 
89.55 


9.92 
90.08 


4.87 
95.13 


8.50 
91.50 
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Analysis  of  Dnj  Matter. 


Box  1.  Box  2.  Box  3 


Fat 2.05 

Protein 11.50 

Cellulose 1-65 

Ashes 1.95 

Carbohydrates, 82.95 

100.00 


2.00 

14.44 

1.65 

1.52 

80.39 


100.00 


2.12 
11.94 
1.66 
2.20 
82.09 


100.00 


Box  4. 


1.97 
13.69 
1.62 
1.44 

81.28 


100.00 


Judginp:  from  the  results  obtained  in  connection  with 
the  described  experiment  the  following  conclusions  suggest 
themselves :  — 

Conclusions. — The  alkaline  phosphate  (phosphatic  slag 
meal)  has  under  fairly  corresponding  conditions  increased 
the  availability  of  the  nitrogen  contained  in  steamed  leather, 
in  leather  scraps  and  in  dried  blood  in  a  higher  degree  than 
the  acid  phosphate.  The  influence  is  apparent  alike  in  the 
general  character  of  the  entire  plant  and  in  the  composition 
of  the  kernels.  The  diftcrence  in  the  relative  agricultural 
value  of  both  articles  as  nitrogen  sources  remains,  however, 
the  same  ;  for  leather  in  any  form,  without  a  previous  de- 
struction of  the  tanning  principle,  tannin,  is  worthless  for 
manurial  purposes. 


5.  Contribution  to  the  Determination  of  the  Avail- 
able Phosphoric  Acid  in  Soils  under  Cultivation. 
The  fact  that  agricultural  chemists  have  thus  far  failed  to 
point  out  any  mode  of  soil  analysis  as  reliable,  by  which 
the  amount  of  phosi)horic  acid  available  to  crops  can  be 
ascertained,  is  pretty  generally  recognized.  Attempts  are 
not  wanting  to  solve  this  important  question.  Among  the 
well-known  investigations  in  that  direction  are  those  of  Dr. 
B.  Deyer  (1894).  Results  of  later  years  obtained  in  this 
connection  upon  soils  of  well-known  history  at  Kothamstcd 
in  England  are  pronounced  very  encouraging  by  Dr.  (Jil- 
bert.  The  American  Association  of  Official  Chemists  has 
during  the  past  year  <'ntered  upon  a  systematic  investigation 
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regarding  the  best  course  to  be  adopted  to  determine  the 
available  phosphoric  acid ;  in  this  work  the  writer  has  taken 
some  part.  A  compilation  of  the  contributions  to  these 
more  recent  experiments  is  to  l^e  i)ublished  soon  by  the 
United  States  Department  of  Agriculture. 

Our  local  observations  at  Amherst  are  briefly  described  in 
a  few  subsequent  pages  upon  a  field  which  had  been  under 
careful  observation  for  five  years,  1890-95.  The  following 
brief  abstract  of  the  management  of  the  field  work  shows  the 
condition  of  the  soil  which  served  for  our  investigation  :  — 

Field  F. 

The  field  selected  for  this  purpose  is  300  feet  long  and 
137  feet  wide,  running  on  a  level  from  east  to  west.  Pre- 
vious to  1887  it  was  used  as  a  meadow,  which  was  well 
worn  out  at  that  time,  yielding  but  a  scanty  crop  of  Eng- 
lish hay.  During  the  autumn  of  1887  the  sod  was  turned 
under  and  left  in  that  state  over  winter.  It  was  decided  to 
prepare  the  field  for  special  experiments  with  phosphoric 
acid  by  a  systematic  exhaustion  of  its  inherent  resources  of 
plant  food.  For  this  reason  no  manurial  matter  of  any  de- 
scription was  applied  during  the  years  1887,  1888  and  1889. 

The  soil,  a  fair  sandy  loam,  was  carefully  prepared  every 
year  by  ploughing  during  the  fall  and  in  the  spring,  to 
improve  its  mechanical  condition  to  the  full  extent  of  exist- 
ing circumstances.  During  the  same  period  a  crop  was 
raised  every  year.  These  crops  were  selected,  as  far  as 
practicable,  with  a  view  to  exhaust  the  supply  of  phosphoric 
acid  in  particular.  Corn,  Hungarian  grass  and  leguminous 
crops  (cow-pea,  vetch  and  serradella)  followed  each  other 
in  the  order  stated. 

'1890.  — The  field  was  subdivided  into  five  plats,  running 
from  east  to  west,  each  twenty-one  feet  wide,  with  a  space 
of  eight  feet  between  adjoining  plats. 

The  manurial  material  applied  to  each  of  these  five  plats 
contained,  in  every  instance,  the  same  form  and  the  same 
quantity  of  potassium  oxide  and  of  nitrogen,  while  the 
phosphoric  acid  was  furnished  in  each  case  in  the  form 
of  a  different  commercial  phosphoric-acid-containing  article, 
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namely,  phosphatic  slag,  Mona  guano,  Florida  phosphate, 
South  Carolina  phosphate  (floats)  and  dissolved  bone-black. 
The  market  cost  of  each  of  these  articles  controlled  the 
quantity  applied,  for  each  plat  received  the  same  money 
value  in  its  particular  kind  of  phosphate. 


Analyses  of  Phosphates  used. 

[I.,  phosphatic  flag;  II.,  Mona  guano;  III.,  Florida  phosphate;  IV.,  South  Carolina  phos- 
phate; v.,  dissolved  bone-blacli.] 


Per  Cent. 

I. 

II. 

III. 

IV. 

v. 

Moisture, 

.47 

12.52 

2.53 

.39 

15.96 

Ash 

- 

75.99 

89.52 

- 

61.46 

Calcium  oxide. 

46.47 

37.49 

17.89 

46.76 

- 

Magnesium  oxide,  . 

5.05 

- 

- 

- 

- 

Ferric  and  aluminic  oxides. 

14.35 

- 

14.25 

5.78 

- 

Total  phosphoric  acid,  . 

19.04 

21.88 

21.72 

27.57 

15.82 

Soluble  phosphoric  acid. 

- 

- 

- 

- 

12.65 

Reverted  phosphoric  acid. 

- 

7.. 55 

- 

4.27 

2.52 

Insoluble  phosphoric  acid. 

- 

14.33 

- 

23.30 

.65 

Insoluble  matter,    . 

4.39 

2.45 

30.50 

9.04 

6.26 

!        rm           />    n          •              c 

..l.'M 

1 

1 

_-i. 

.1        _ 

The  following  fertilizer  mixtures  have  been  applied  an- 
nually to  all  the  plats,  with  the  exception  of  Plat  3,  which 
received  in  1890  ground  apatite  and  in  1891  no  phosphate 
whatever :  — 


Plats. 


Annual  Supply  of  Manurial  Substances. 


Pounds. 


Plat  1  (south,  6,494  square  feet). 
Plat  2  (6,.565  square  feet). 
Plat  3  (6,636  square  feet) , 
Plat  4  (6,707  square  feet), 
Plat  5  (6,778  square  feel). 


Ground  phosphatic  slag, 
Nitrate  of  eocfa. 
Potash-magnesia  sulphate. 

Ground  Mona  guano. 
Nitrate  of  soda, 
Potash-magnesia  sulphate. 

Ground  Florida  phosphate, 
Nitrate  of  soda, 
Potash-magnesia  sulphate. 

South  ( 'urolina  phosphate. 
Nitrate  of  soda, 
Potash-magnesiii  suli>hutc, 

Dissolved  bone-black, 
Nitrate  of  soda. 
Potash-magnesia  sulphate. 


127 
43 

58 

128 
43i 
69 

129 
44 
59 

131 
444 
60 

78 
45 
61 
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The  phosphatic  slag,  Mona  guano,  South  Carolina  phos- 
phate and  Florida  phosphate  were  applied  at  the  rate  of  850 
pounds  per  acre ;  dissolved  bone-black  at  the  rate  of  500 
pounds  per  acre.  Nitrate  of  soda  was  applied  at  the  rate  of 
250  pounds  per  acre  and  potash-magnesia  sulphate  at  the 
rate  of  390  pounds  per  acre. 

Potatoes  were  raised  upon  the  plats  in  1890;  in  1891 
winter  wheat  was  employed  (for  details  see  ninth  annual 
report)  ;  in  1892  serradella  was  the  crop  experimented  with 
(see  tenth  annual  report)  ;  and  in  1893  a  variety  of  Dent 
corn.  Pride  of  the  North  (see  eleventh  annual  report) . 

1894. — During  the  preceding  season  it  was  decided  to 
ascertain  the  after-effect  of  the  phosphoric  acid  applied 
during  previous  years  by  excluding  it  from  the  fertilizer 
applied.  In  addition,  to  secure  the  full  effect  of  the  phos- 
phoric acid  stored  up,  the  potassium  oxide  and  nitrogen 
were  increased  one-half,  as  compared  with  preceding  seasons. 
A  grain  crop  (barley)  calling  for  a  liberal  amount  of  phos- 
phoric acid  was  chosen  for  the  trial.  The  field  was  ploughed 
April  17,  the  fertilizer  being  applied  broadcast  April  20, 
and  harrowed  in.  Below  is  given  a  statement  of  fertilizer 
applied :  — 

T>i„»  1  /A  HOI  „„„„>«  f«„♦^  i  64i  pounds  of  nitrate  of  soda. 

Plat  1(6,494  square  feet) |  87    pounds  of  potash-magnesia  sulphate. 

Plat  2  (6,565  square  feet) (  65^  pounds  of  nitrate  of  soda. 

i.ou-i^u,       o^iuoicxccv,  ^  gg    pounds  of  potash-magnesia  sulphate. 

r>i„*  o  ra  coc  „ *  ^t\  \  66    pounds  of  nitrate  of  soda. 

Plat  3  (6,6o6  square  feet) J  gg    pounds  of  potash-magnesia  sulphate. 

Plat  4  re  707  sauarp  feet1  \  ^^  Pounds  of  nitrate  of  soda. 

flat  4  (b,;o(  square  leet) j  qq    pounds  of  potash-magnesia  sulphate. 

Plat  5  (6,778  square  feet), J  67|  pounds  of  nitrate  of  soda. 

v  ,iiu   .luo.c  »c<;i,^,  j  90^  pounds  of  potash-magnesia  sulphate. 

Yield  of  Crop  {1894). 


Plats. 


Plat  1, 
Plat  2, 
Plat  3, 
Plat  4, 
Plat  5, 


Grain  and 

Straw 
(Pounds) , 


490 
405 
290 
460 
390 


Grain 
(Pounds). 


169 
148 
78 
144 
118 


Straw  and 

Chaff 
(Pounds). 


221 
251 
212 
216 

272 


Percentage 
of  Grain. 


34.49 
34.07 
26.89 
31.30 
30.26 


Percentage 
of  Straw. 


65.51 
65.93 
73.11 
68.70 
69.74 
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Summary  of  Yield  of  Crop  (1890-94) , 


Plats. 


1800. 

Potatoes. 


1891. 

Wheat. 


1892. 

Serradella. 


1893. 

Corn. 


1894. 

Barley. 


Platl, 1,600 

Plat  2, !  1,415 

1 

Plats I  1,500 

Plat  4 !  1,830 

Plat  5, 2,120 


380 
340 
215 
380 

405 


4,070 
3,410 
2,750 
3,110 
2.920 


1,660 
1,.381 
1,»47 
1,469 
1,322 


490 
405 
290 
460 
390 


Phosphoric  Acid  applied  to  and  removed  from  Field. 

[Pounds.] 


1890. 

1891. 

1892. 

1893. 

1894. 

a 
a 
o 

?^ 

a 

as 

O.S 

a.s 

Plats. 

i 

T3 
< 

i 
> 

i 

PS 

t3 

< 

24.18 
28.01 

_* 

36.12 
12.34 

■a 

> 
o 

a 

1.23 
1.19 
.69 
1.31 
1.22 

•a 
•a 

1 

Added. 
Removed. 

■6 
a 
■n 
•a 
< 

> 
o 

a 

C3 

Plat  1,      . 
Plat  2,      . 
Plat  3,      . 
Plat  4,      . 
Plat  5,      . 

24.18 
28.01 
109.68 
36.12 
12.34 

2.56 
2.36 
2.40 
2.93 
3.39 

24.18 
28.01 
28.01 
36.12 
12.34 

8.95 
7.50 
6.05 
6.84 
6.42 

24.18 
28.01 
28.01 
36.12 
12.34 

7.20 
6.33 
5.95 
6.68 
6.05 

_* 

_♦ 
_* 

_* 

1.92 
1.64 
.76 
1.72 
1.49 

96.72 
72.04 
165.70 
144.48 
49.36 

21.86 
19.02 
15.85 
19.84 
18.57 

75.86 
53.02 
149.85 
124.64 
30.79 

*  None. 

Conclusions. 
From  the  previous  statement  of  comparative  yield  we  find 
that  the  \Aiit  receiving  dissolved  lK)ne-l)lack  leads  in  yield 
during  the  first  two  years,  while  for  the  third,  fourth  and 
fifth  years  the  plats  receiving  insoluble  phosphates  are  ahead, 
phos[)hatic  slag  being  first,  South  Carolina  floats  second  and 
Mona  guano  third. 

Description  of  Modes  of  Analysis  adopted  in  our  Investi- 
gations OF  Sasiples  of  Soil  taken  from  the  Above-men- 
tioned Five  Plats  in  September,  1894,  in  the  Manner 
recommended  bv  the  commitrke  of  the  american  asso- 
CIATION OF  Official  Chemists,  Prof.  Harry  Snyder  of 
Minnesota,  Chairman. 

/.  —  Total  Phosphoric  Acid. 
Ten   grams   of  soil  are   digested   witli    100   c.c.    of  pure 
hydrochloric  acid,  of  specific  gravity  1.115,   for  ten   con- 
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secutive  hours  in  a  boiling-water  bath,  shaking  once  each 
hour.  The  stopper  of  the  flask  should  carry  a  condensing 
tube,  to  prevent  evaporation.  The  material  is  filtered,  and 
the  residue  is  washed  with  distilled  water  until  free  of  acid. 
The  organic  matter  in  filtrate  is  oxidized  with  nitric  acid 
and  evaporated  to  dryness  on  the  water  bath,  finishing  on 
sand  bath  to  complete  dryness.  The  material  when  cool 
is  taken  up  with  hot  water  and  a  few  cubic  centimeters  of 
hydrochloric  acid,  and  again  evaporated  to  complete  dryness. 
It  is  taken  up  as  before,  filtered  and  washed  thoroughly  with 
cold  water,  cooled  and  made  up  to  500  c.c. 

II.  —  Directions  of  the  Association  of  Official  Agricultural  Chemists 
for  the  Determination  of  Available  Phosphoric  Acid  in  Soils, 
Fifth  Normal  Hydrochloric  Acid  being  used  as  the  Solvent. 

1.  Determination  of  3Ioisture.  — Use  the  ofiicial  method 
described  in  Bulletin  46,  page  48,  Division  of  Chemistry, 
United  States  Department  of  Agriculture.  Calculate  all 
results  to  the  water  free  basis. 

2.  Determination  of  PJiosj)horic  Acid  Soluble  in  Fifth 
JSformal  Hydrochloric  Acid.  —  (a)  Preliminary  treatment : 
Digest  20  grams  of  soil  with  200  c.c.  of  fifth  normal  hydro- 
chloric acid  at  40°  C.  for  five  hours.  Titrate  20  c.c.  of  the 
clear  filtrate  against  a  standard  caustic  soda  solution,  using 
phenolphthaline  for  the  indicator.  From  this  data  calculate 
the  amount  of  hydrochloric  acid  necessary  to  be  added,  so 
that  the  solution  will  be  fifth  normal  after  allowing  for  the 
acid  neutralized,  (b)  The  determination  :  Weigh  out  50  to 
100  grams  of  soil  into  an  Erlenmeyer  flask,  and  add  10  c.c. 
of  acid,  corrected  for  neutralization  as  directed  under  (a.) 
for  every  gram  of  soil  used.  The  flask  is  corked  with  a 
rubber  stopper,  which  carries  a  thermometer.  The  flask  is 
then  placed  in  a  water  bath  previously  heated  to  40°  C, 
and  the  contents  of  the  flask  are  thoroughly  shaken  every 
half  hour  during  the  digestion.  The  solution  is  then  filtered 
through  a  ribbed  filter  of  two  thicknesses  of  paper,  refilter- 
ing  the  first  portion,  if  cloudy.  The  filter  should  be  large 
enough  to  receive  the  entire  contents  of  the  flask.  Before 
filtering  the  contents,  the  flask  should  be  well  shaken.     Four 
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hundred  to  600  c.c.  of  the  filtrate  (at  20°  C.)  are  evaporated 
to  dryness  after  adding  1  to  3  c.c.  of  nitric  acid.  If  there 
is  any  appreciable  amount  of  organic  matter  present,  the 
residue  is  to  be  carefully  charred.  Moisten  the  residue 
with  hydrochloric  acid  and  add  50  to  100  c.c.  of  distilled 
water,  and  then  digest.  Filter,  neutralize  Avith  ammonia, 
add  5  c.c.  of  strong  nitric  acid  and  15  grams  of  nitrate  of 
ammonia  in  solution.  Complete  the  determination  accord- 
ing to  one  of  the  oiBcial  methods  given  for  the  determination 
of  phosphoric  acid,  or  use  the  Goss  method  as  given  in  Cir- 
cular No.  4  to  accompany  Bulletin  No.  46. 

III.  —  Determination  of  the  Available  Phosphoric  Acid  in  Soils  by 
Means  of  a  One  Per  Cent.  Solution  of  Citric  Acid  (Dr.  B. 
Deyer) . 

Preliminary  Treatment.  —  Twenty  grams  of  soil  are  di- 
gested with  200  c.c.  of  a  one  per  cent,  citric  acid  solution 
for  five  hours,  at  ordinary  temperature  (18°  to  21°  C). 
The  material  is  filtered  and  solution  is  titrated  against  a 
standard  alkali  solution,  to  determine  the  amount  of  acid 
neutralized  by  alkalies  in  the  soil.  For  the  estimation  of 
the  "available"  potash  and  phosphoric  acid,  one  per  cent, 
citric  acid  solution  has  been  employed,  digesting  100  grams 
of  air-dried  soil  with  500  c.c.  of  the  solvent,  as  directed  in 
the  preliminary  test,  corrected  for  neutralization,  for  five 
hours  at  room  temperature.  The  filtered  solution  is  evapo- 
rated to  dryness,  charred,  and  the  residue  abstracted  with 
dilute  hydrochloric  acid  and  water.  The  filtrate  from  this 
operation  is  treated  for  the  determination  of  phosphoric  acid 
as  directed  in  one  of  the  official  methods. 

IV.  —  Determination  of  the  Available  Phosphoric  Acid  in  Soils  by 

Means  of  a  Neutral  Solution  of  Citrate  of  Ammonia. 

Ten  grams  of  the  soil  are  digested  for  one-half  hour,  at 
65°  C,  with  500  c.c.  of  strictly  neutral  solution  of  citrate 
of  ammonia,  specific  gravity  1.09.  The  flask  carries  a 
rubber  stopper,  and  is  thoroughly  agitated  every  five  min- 
utes. At  the  expiration  of  thirty  minutes,  remove  flask 
from  bath  and  filter  as  rapidly  as  possible.  Wash  thor- 
oughly with  water  at  65°   C.      Evaporate  the  solution   to 
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dryness,  char,  and  abstract  with  dilute  nitric  acid.  Filter 
and  wash  thoroughly  with  water.  Burn  the  residue  to  a 
white  ash,  add  it  to  the  solution  and  bring  to  complete 
dryness  on  sand  bath.  Take  up  with  hot  water  and  a  few 
cubic  centimeters  of  nitric  acid.  Digest  for  one-half  hour. 
Filter  and  wash  thoroughly,  and  determine  phosphoric  acid 
in  the  solution  in  the  usual  way. 


Results  of  Analyses  of  Soils  for  Available  Phosphoric  Acid,  by 
Methods  previously  described  (Soil  from  Fields  of  Massachusetts 
Agricultural  College  Farm). 


No.  OP  Samples. 

Moisture. 

Total 

Phosphoric 

Acid. 

Available  Phos- 
phoric Acid  by 
"  Hydrochloric 
Acid. 

Available  Phos- 
phoric Acid  by 

1  Per  Cent. 

Citric  Acid. 

Available  Phos- 
phoric Acid 
by  Neutral 

Citrate  of  Am- 
monia. 

1,        .       .       . 
2 

3,  .        .        . 

4,  .        .        . 
6,         .        .        . 

.77 

.87 

.95 

1.07 

1.02 

.255 
.290 
.210 
.220 
.180 

.0285 
.033S 
.0407 
.0330 
.0345 

.01325 
.01650 
.01420 
.01920 
.01430 

.0735 
.0945 
.0865 
.0925 
.1070 

Analysts:  Henri  D.  Haskins. 

Charles  I.  Goessmann. 

Conclusion. 
The  several  modes  used  by  us  in  determining  the  amount 
of  available  phosphoric  acid  contained  in  the  soil  under  ex- 
amination have  given  different  results.  The  difference  in 
the  amount  of  available  phosphoric  acid  found  by  any  of  the 
modes  of  analysis  employed  does  not  correspond  with  the 
actual  yield  of  the  several  plats  in  the  field.  The  results 
of  our  investigation  are  more  of  a  suggestive  than  decisive 
character.  The  work  will  be  continued  as  far  as  resources 
on  hand  will  permit. 

6.       Analysis    of    Drainage    Waters    obtained    from 

Field   A   of    the   Hatch  Experiment  Station. 

The  field  under  discussion  has  been  from   1883  to  date 

treated  in  a  systematic  way  with  commercial  fertilizers,  in 

the  manner  briefly  described  in  the  following  pages.     The 
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field  consisted  of  eleven  plats,  one-tenth  of  an  acre  each, 
with  a  space  of  from  five  to  six  feet  between  the  adjoinin<;- 
plats.  This  space  was  cultivated  in  connection  with  the 
planted  plats,  yet  received  no  fertilizing  material  of  any  de- 
scription, nor  were  they  seeded  down  at  any  time  during 
the  experiment.  Each  plat  was  provided  in  the  centre  wath 
a  tile  drain  running  at  a  depth  of  from  three  and  a  half 
to  four  feet  through  the  entire  length,  which  terminated  in 
an  open  well,  to  allow  the  collection  of  the  drainage  water 
for  examination  whenever  desired,  to  study  the  character  of 
the  soil  constituents  carried  off.  The  entire  field  of  eleven 
separate  plats  were  surrounded  by  a  tile  drain  with  an  in- 
dependent outlet,  to  prevent  an  access  of  drainage  waters 
from  adjoining  fields.  A  marked  gradual  decline  in  the 
yield  of  several  plats,  in  spite  of  a  uniform  liberal  supply 
of  the  fertilizer  used  during  the  earlier  years  of  the  experi- 
ment, rendered  an  examination  into  the  cause  or  causes  of 
the  reduction  in  the  annual  yield  desirable. 

As  an  examination  of  the  drainage  waters  coming  from  the 
different  plats  promised  to  throw  some  light  on  the  action  of 
the  several  mixtures  of  fertilizers  used  on  the  soil  resources 
of  the  field  employed  in  the  observation,  it  was  decided  to 
subject  them  to  a  careful  chemical  analysis.  The  samples 
used  for  these  analyses  were  collected  in  all  cases  as  far  as 
practical )le  soon  after  each  tile  drain  began  to  discharge 
drainage  water.  As  the  temporary  flow  of  the  drains  in  the 
different  plats  differed  widely  in  quantity,  no  attempt  was 
made  to  ascertain  in  each  case  the  exact  amount  discharijed 
in  a  given  time.  The  examination  was  instituted  for  the 
purpose  of  ascertaining  the  general  character  of  the  dis- 
charge of  the  drains,  and  to  determine  the  relative  jpro- 
portion  of  various  soil  constituents  they  contained.  The 
results  of  this  investigation  are  stated  farther  on,  after  a 
brief  descrii)tion  of  the  general  management  of  the  field, 
as  well  as  a  detailed  statement  of  the  fertilizers  used. 
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Amount  of  Fertilizing  Ingredients  used  annually  per  Acre. 

r  Nitrogen,        ....        45  pounds. 

Plats  0,  1,  2,  3,  5,  6,  8,  10,   \  Phosphoric  acid,     ...        80  pounds. 

I  Potassium  oxide,   .        .        .       125  poiinds. 

I"  Nitrogen,  .        .        .  none. 

Plats  4,  7,  9,     .        .         .    ■{  Phosphoric  acid,    ...         80  pounds. 

I  Potassium  oxide,   .        .        .       125  pounds. 

One  plat,  marked  0,  received  its  main  supply  of  phos- 
phoric acid,  potassium  oxide  and  nitrogen  in  form  of  barn- 
yard manure  ;  the  latter  was  carefully  analyzed  Ijefore  being 
applied,  to  determine  the  amount  required  to  secure,  as  far 
as  practicable,  the  desired  corresponding  proportion  of  the 
three  essential  fertilizing  constituents.  The  deficiency  in 
potassium  oxide  and  phosphoric  acid  was  supplied  by 
potash-magnesia  sulphate  and  dissolved  bone-black.  The 
fertilizer  for  this  plat  consisted  of  800  pounds  of  barn-yard 
manure,  32  pounds  of  potash-magnesia  sulphate  and  18 
pounds  of  dissolved  bone-black. 

The  mechanical  preparation  of  the  soil,  the  incorporation 
of  the  manurial  substances,  —  the  general  character  of  the 
latter  being  the  same,  —  the  seeding,  cultivating  and  har- 
vesting were  carried  on  year  after  year  in  a  like  manner 
and  as  far  as  practicable  on  the  same  day  in  case  of  every 
plat  during  the  same  year. 

The  subsequent  tabular  statement  shows  the  annual  appli- 
cation and  special  distrilmtion  of  the  manurial  substances 
with  reference  to  each  plat  since  1889.  The  fertilizers  were 
in  every  case  applied  broadcast  as  early  in  the  spring  as 
circumstances  permitted.  They  were  well  harrowed  under 
before  the  seed  was  planted  in  rows  by  a  seed  drill. 


Plats 
(One-tenth  Acre) 


Annual  Supply  of  Manurial  Substances. 


Plat   0, 
Plat   1, 


800  lbs.  of  barn-yard  manure,  32  lbs.  of  potash-magnesia  sulphate  and  18 
lbs.  of  dissolved  bone-black. 

29  lbs.  sodium  nitrate  (=  4  to  5  lbs.  nitrogen),  25  lbs.  muriate  of  potash 
(=12  to  13  lbs.  potassium  oxide),  and  50  lbs.  dissolved  bone-black 
(:=8.6  lbs.  available  phosphoric  acid). 
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Plats 
(One-tenth  Acre) 


Plat  2 

Pint  3 

Plat  4 

Plat  5 

Plat  6 

Plat  7 

Plat  8 

Plat  9 

Plat  10 


Annual  Supply  of  Manurial  Substances. 


29  lbs.  sodium  nitrate  (^4  to  5  lbs.  nitrogen),  48.5  lbs.  potash-magneBia 
sulphate  (=12  to  13  lbs.  potassium  oxide),  and  50  lbs.  dissolved  bone- 
black  (=8.5  lbs.  available  phosphoric  acid). 

43  lbs.  dried  blood  (=5  to  6  lbs.  nitrogen),  25  lbs.  muriate  of  potash 
(=12  to  13  lbs.  potassium  oxide),  and  50  lbs.  dissolved  bone-black 
(=8.5 lbs.  phosphoric  acid). 

25  lbs.  muriate  of  potash  (=  12  to  13  lbs.  potassium  oxide)  and  50  lbs. 
dissolved  bone-black  (=  8.6  lbs.  available  phosphoric  acid). 

22.5  lbs.  ammonium  sulphate  (=:4to5  1b8.  nitrogen)  48.5  lbs.  potash- 
magnesia  sulphate  (^12  to  13  lbs.  potassium  oxide),  and  50  lbs.  dis- 
solved bone-black  (=8.5  lbs.  available  phosphoric  acid). 

22.5  lbs.  ammonium  sulphate  (=4  to  5  lbs.  nitrogen),  25  lbs.  muriate  of 
potash  (:=12  to  13  lbs.  potassium  oxide),  and  50  lbs.  dissolved  bone- 
black  (=8.5  lbs.  available  phosphoric  acid). 

25  lbs.  muriate  of  potash  (^12  to  13  lbs.  potassium  oxide)  and  50  lbs. 
dissolved  bone-black  (=8.5  lbs.  available  phosphoric  acid). 

22.5  lbs.  ammonium  sulphate  (=4  to  5  lbs.  nitrogen),  25  lbs.  muriate  of 
potash  (=  12  to  13  lbs.  potassium  oxide),  and  50  lbs.  dissolved  bone- 
black  (=8.5  lbs.  available  phosphoric  acid). 

25  lbs.  muriate  of  potash  (=12  to  13  lbs.  potassium  oxide)  and  50  lbs. 
dissolved  bone-black  (=8.5 lbs.  available  phosphoric  acid). 

43  lbs.  dried  blood  (=5  to  6  lbs.  nitrogen),  48.5  lbs.  potash-magnesia 
sulphate  (=^12  to  13  lbs.  potassium  oxide),  and  50  lbs.  dissolved  bone- 
black  (=8.5  lbs.  available  phosphoric  acid). 


The  above-described  course  of  the  general  management 
of  the  experiment  has  been  followed  thus  far  for  five  con- 
secutive years  (1889-93,  inclusive). 


Kind  of  Oroj)S  Raised. 


Com  (maize), 
Oats,     . 
Rye,     . 
Soy  bean, 
Oats, 


in  1889. 
in  1890. 
in  1891. 
in  1892. 
in  1893. 


Amount  of  Fertilizing  Ingredients  applied  per  Acre  during  1894. 

45  pounds. 
.  160  pounds. 
.     250  pounds. 


/•Nitrogen, 
Plats  0,  1,  2,  3,  5,  6,  8,  10,   <»  Phosphoric  acid, 
V  Potassium  oxide, 


Plats  4,  7,  9, 


Nitrogen, 
Pliosphoric  acid, 
Potassium  oxide, 


none. 
160  pounds. 
250  pounds. 
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PlAT8 

(One-tenth  Acre) 


Manurial  SubetanceB  Applied. 


Plat  0, 

Plat  1, 

Plat  2, 

Plat  3, 

Plat  4, 

Plat  5, 

Plat  6, 

Plat  7, 

Plat  8, 

Plat  9, 
Plat  10, 


800  lbs.  barn-yard  manure, ! 
dissolved  bone-black. 


D^  lbs.  potash-magnesia  sulphate  and  77  lbs. 


29  lbs.  sodium  nitrate  (=4  to  5  lbs.  nitrogen),  54  lbs.  muriate  of  potash 
(=25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved  bone-black 
(=10  to  17  lbs.  phosphoric  acid). 

29  lbs.  nitrate  of  soda  (=4  to  5  lbs.  nitrogen),  97  lbs.  potash-magnesia 
sulphate  (=25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved  bone- 
black  (=16  to  17  lbs.  phosphoric  acid). 

43  lbs.  dried  blood  (=5  to  6  lbs.  nitrogen),  54  lbs.  muriate  of  potash 
(=25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved  bone-black 
(=16  to  17  lbs.  phosphoric  acid). 

54  lbs.  muriate  of  potash  (=  25  to  26  lbs.  potassium  oxide),  and  114  lbs. 
dissolvedjbone-black  (=  16  to  17  lbs.  phosphoric  acid). 

22|  lbs.  ammonium  sulphate  (=4  to  5  lbs.  nitrogen),  97  lbs.  potash-mag- 
nesia sulphate  (=25  to  26  lbs.  potassium  o.xide),  and  114  lbs.  dissolved 
bone-black  (=16  to  17  lbs.  phosphoric  acid). 

22^  lbs.  ammonium  sulphate  (^4  to  5  lbs.  nitrogen),  64  lbs.  muriate  of 
potash  (=:25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved  bone- 
black  (=16  to  17  lbs.  phosphoric  acid). 

54  lbs.  muriate  of  potash  (=25  to  26  lbs.  potassium  oxide),  and  114  lbs. 
dissolved  bone-black  (=  16  to  17  lbs.  phosphoric  acid). 

22^  lbs.  ammonium  sulphate  (=4  to  5  lbs.  nitrogen),  54  lbs.  muriate  of 
potash  (=25  to  26  lbs.  potassium  oxide),  and  114  Ibe.  dissolved  bone- 
black  (=^16  to  17  lbs.  phosphoric  acid). 

54  lbs.  muriate  of  potash  (=  25  to  26  lbs.  potassium  oxide),  and  114  lbs. 
dissolved  bone  black  (=  16  to  17  lbs.  phosphoric  acid). 

43  lbs.  dried  blood  (=:4  to  5  lbs.  nitrogen),  97  lbs.  sulphate  of  potash- 
magnesia  (=:  25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved 
bone-black  (=  16  to  17  lbs.  phosphoric  acid). 
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Without  any  intention  to  discuss  here  in  detail  the  causes 
of  the  variations  noticed  in  the  composition  of  the  saline  resi- 
dues left  when  evaporating  a  definite  amount  of  the  drainage 
water  collected  from  the  various  plats,  it  remains  of  especial 
interest  to  call  attention  to  the  fact  that  wherever  muriate  of 
potash  had  been  used  as  a  potash  source  of  plant  food  excep- 
tional quantities  of  the  chlorides  of  calcium  and  magnesium 
proved  to  be  present  (plats  1,  3,  4,  6,  7,  8  and  9).  The 
belief  that  a  liberal  use  of  muriate  of  potash  had  resulted  in 
wasting  in  an  exceptional  degree  in  particular  the  lime  re- 
sources of  the  soil,  and  thereby  reducing  the  yield  of  the 
crops,  has  since  been  confirmed.  The  annual  yield  of  the 
crops  has  been  restored  to  its  former  satisfactory  condition, 
after  a  liberal  addition  of  air-slaked  lime  to  the  manures  used 
for  years  upon  the  field  in  question. 
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REPORT   OF    THE    BOTAOTSTS. 


GEORGE  E.  STONE,  RALPH  E.  SMITH. 


Scope  of  Work. 
Pathogenic  Fungi. 

Diseases  of  tlie  Walnut,  Maple,  Oak,  Peach,  Plum, 
Cherry,    Melon,    Cabbage,    Lettuce,   Chrysanthe- 
mum and  Pansy. 
Physiological  Disorders. 

Seasonal  Peculiarities  of  Certain  Shade  Trees. 
Over-feeding  of  Plants. 
Bronzing  of  Roses. 
Cucumber  Wilt. 

Some  Difficulties  which  City  Shade  Trees  have  to 
contend  with. 

Scope  of  Work. 

This  division  has  during  the  past  year  made  special  effort 
to  come  into  direct  contact  with  a  large  number  of  market 
gardeners  and  greenhouse  growers  ;  and,  largely  as  a  result 
of  this  more  direct  contact  and  the  numerous  visits  made 
to  their  establishments,  our  correspondence  has  during  the 
past  year  doubled  that  of  any  other  year,  and  has  covered 
a  multitude  of  subjects  relating  to  botany. 

We  have  paid  some  attention  this  summer  to  the  asparagus 
rust,  which  caused  so  much  damage  in  this  State  in  1897. 
A  study  of  the  conditions  which  caused  the  rust  has  been 
made  at  various  places  throughout  the  State,  and  spraying 
experiments  have  been  carried  on  in  co-operation  with  dif- 
ferent asparagus  growers. 

The  results  of  the  study  of  nematode  worms  in  green- 
houses, which  has  received  a  great  deal  of  attention  by 
this  division  for  over  three  years,  have  been  published  in 
Bulletin    No.    55,  which  can  be  had  on  application.     This 
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bulletin,  containing  G7  pages  and  14  plates,  gives  a  full 
account  of  the  parasitic  species  of  nematode,  its  life  history 
and  development,  together  with  the  results  of  an  extensive 
series  of  experiments  on  the  methods  of  controlling  the 
pest.  In  these  investigations  the  worthlessness  of  many 
supposed  remedies  has  been  brought  out,  and  a  practical 
method  of  treatment  developed  l)y  which  the  trouble  can  be 
successfully  and  economically  avoided.  From  a  consider- 
able amount  of  data  accumulated  during  the  last  three  years 
it  appears  that  the  loss  experienced  by  cucumber  growers 
who  have  been  troubled  with  nematodes  in  the  greenhouse 
equals  25  to  85  per  cent,  of  the  marketable  crop ;  and  it  is 
hoped,  from  the  positive  results  obtained,  that  little  trouble 
may  be  experienced  hereafter  with  this  pest.  There  are  still, 
however,  some  further  experiments  being  made  upon  nema- 
tode-control  methods,  in  co-operation  with  large  greenhouse 
growers,  along  lines  which  promise  cheaper  and  efficient 
results. 

The  principal  investigations  with  which  this  division  is 
concerned  at  present  are  largely  in  connection  with  market- 
garden  crops  such  as  are  cultivated  in  greenhouses.  The 
division  is  supplied  'wdth  greenhouses  excellently  arranged 
for  experimental  purposes,  and  containing  space  enough  to 
carry  on  investigations  from  which  reliable  deductions  can 
be  drawn.  The  more  important  greenhouse  crops  grown 
in  our  gi-eenhouses  for  experimental  purposes  are  those  rep- 
resenting consideraljle  importance  in  this  State,  namely, 
lettuce,  cucumbers  and  tomatoes ;  and  it  may  be  justly  said 
that  there  is  no  class  of  agricultural  pursuits  Avhich  is  re})re- 
sented  by  men  of  greater  intelligence,  skill  and  knowledge. 

A  brief  outline  of  some  of  the  investigations  may  not  bo 
out  of  place  :  — 

(«)  Experiments  on  the  control  of  the  "  drop  "  in  lettuce, 
and  a  study  of  the  little  known  ha])its  of  the  fungus  causing 
the  same.  A  lettuce  house,  40  l)y  12  feet,  is  devoted  to 
these  experiments. 

{b)    Observations  on  the  "top-burn"  in  lettuce. 

(c)  Experiments  on  the  mechanical  conditions  of  the  soil, 
as  aftecting  the  growth  of  lettuce. 
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(d)  Sub-irrigation,  as  affecting  lettuce  diseases. 

(e)  Experiments  on  the  pruning  of  cucumbers,  in  rela- 
tion to  the  maturity  and  production  of  fruit ;  also,  observa- 
tions on  the  various  fungous  diseases  of  the  cucumber,  and 
the  conditions  which  favor  them. 

(/")  Experiments  on  the  pruning  of  tomatoes,  in  rela- 
tion to  the  production  and  maturity  of  fruit ;  a  study  of  the 
fungous  diseases  of  the  tomato. 

(^g)  Experiments  on  the  growth  of  violets  in  sterilized 
soil  and  nematode-infested  earth,  with  special  reference  to 
the  relationship  existing  between  the  size,  maturity  and  pro- 
duction of  flowers  in  the  plants,  and  abundance  of  leaf  spots. 

(Ji)  Experiments  with  gases  and  chemical  solutions  for 
disinfecting  greenhouses  and  repression  of  fungi. 

(^')  Further  experiments  on  the  relationship  existing  be- 
tween electricity  and  plant  growth. 

There  are  a  host  of  fungous  diseases  common  to  our  out-of- 
door  plants,  some  of  which  have  received  special  attention, 
such,  for  example,  as  the  asparagus  rust,  aster  disease,  etc.  ; 
but  the  practice  of  spraying  fruit  trees  and  garden  crops  has 
for  many  years  been  largely  carried  out  by  the  horticultural 
division,  Avhich  is  well  equipped  with  all  of  the  modern  spray- 
ing appliances. 

A  few  years  ago  it  was  generally  believed  by  the  majority 
of  people  that  botany  was  incapable  of  being  made  of  any 
practical  use,  and  it  is  doing  no  injustice  to  truth  to  state 
that  it  did  possess  little  at  that  time.  To-day,  however,  this 
state  of  affairs  has  entirely  changed,  and  botany,  like  chem- 
istry and  other  allied  sciences,  has  taken  its  place  in  the  in- 
dustrial arts,  — a  fact  which  is  due  to  the  advance  of  science 
in  general,  but  more  especially  to  the  inherent  genius  char- 
acteristic of  the  American  investigator,  which  naturally  em- 
phasizes the  utilitarian  aspect  of  science.  The  annual  loss 
in  the  United  States  to  agricultural,  horticultural  and  flori- 
cultural  products  caused  by  pathogenic  fungi  and  their  allies 
will  probably  equal  $10,000,000.  It  is,  therefore,  not  only 
important,  but  perfectly  legitimate,  that  the  principal  work 
of  botanists  in  our  numerous  experiment  stations  should 
consist  in  studying  the  life  history  of  these  organisms  with 
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a  view  to  their  repression.  In  regard  to  the  industrial  side 
of  botany,  it  should  not  be  forgotten  that  it  owes  a  gi-eat 
deal  to  the  patient  investigations  of  the  many  scientific 
workers  of  the  past,  who  have  devoted  their  attention  to 
matters  of  purely  scientific  interest ;  and  our  stations  would 
not  be  where  they  are  to-day  were  it  not  for  the  labors  of 
these  men. 

In  connection  with  the  characteristic  utilitarian  features 
of  the  present  American  botanists,  it  may  be  of  some  inter- 
est to  observe  the  diflerences  existing  between  European 
and  American  methods  of  combating  pests.  Some  of  the 
most  effective  spraying  solutions  were  discovered  in  Europe, 
but  the  methods  of  applying  them  and  the  results  obtained 
by  their  use  to  our  crops  far  exceed  anything  ever  accom- 
plished there.  To  one  who  has  paid  any  attention  to  the 
manner  of  growing  plants  in  Europe  and  the  methods  which 
are  i)ursucd  in  the  control  of  plant  diseases,  it  would  seem 
no  exaggeration  to  state  that  more  is  accomplished  in  this 
direction  in  the  United  States  in  one  year  than  in  Europe  in 
five  years. 

The  past  season  has  l)oen  what  might  be  termed  a  normal 
one,  although,  as  in  every  season,  some  fimgi  were  espe- 
cially ])rcdominant.  There  are,  however,  every  year  types 
of  fungous  diseases  which  afi'ect  our  shade  trees. 

Pathogenic  Fungi. 

The  fungous  diseases  which  have  l^een  specially  common 
upon  our  shade  trees  this  last  season  are  as  follows :  — 

Black  t^p(A  of  the  Maple  (^Rlii/lisnia  acerinu/n,  (7*),  i'V.). 

This  fungus  is  characterized  by  elevated  black  spots  or 
blotches  upon  the  surface  of  the  leaf,  and,  while  it  is  not  un- 
common to  a  few  maples,  it  has  been  especially  abundant  on 
the  silver  maple. 
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Oak   Leaf  Elirjlit   (^Gloeosporium   nervisequum,    (I^ckL), 

Sacc). 

A  fungus  apparently  identical  with  that  which  causes  the 
blight  of  the  sycamore  is  sometimes  found  upon  the  white 
oak.  This  produces  large  dead  blotches  upon  affected  leaves, 
and  causes  great  disfiguration  of  white  oak  trees. 

Walnut  Leaf  Blight  (^Gloeosporiuin  Juglandis,    (^Lib.), 

Mont.). 

This  disease  was  mentioned  in  our  last  report  as  having 
been  especially  abundant  during  1897.  It  has  also  occurred 
this  year,  but  to  a  much  less  extent. 

These  diseases  are  briefly  mentioned  because  complaint 
has  been  frequent  during  the  past  summer  in  regard  to  them, 
largely,  however,  from  people  who  possess  shade  trees  which 
they  value.  From  what  we  know  in  regard  to  the  treatment 
of  similar  fungi  occurring  on  other  plants,  it  would  seem 
that  spraying  might  hold  some  of  these  in  check ;  and  the 
only  reply  which  can  be  made  is,  Are  the  trees  valuable 
enough  to  receive  treatment?  Some  of  these  fungi  attack 
large  groves,  and  the  expense  of  spraying  would  amount  to 
considerable.  As  a  rule,  these  fungi  only  make  their  ap- 
pearance at  intervals,  and  do  not  injure  the  trees  to  any 
great  extent.  In  consideration  of  this  fact,  it  appears  ques- 
tionable to  us  whether  they  are  worth  the  trouble ;  but, 
should  spraying  be  deemed  necessary,  it  would  have  to  be 
.  done  early  and  continued  each  year. 

The  disease  of  the  peach  known  as  the  ' '  leaf  curl " 
(LJxoascus  defonnans,  Fckl.)  has  been  unusually  abundant 
during  the  past  season.  This  disease  is  well  known  to  most 
peach  growers,  causing  the  leaves  to  become  wrinkled  and 
curled  and  greatly  deformed,  finally  resulting  in  their  fiilling 
to  the  ground.  It  is  not  ordinarily  regarded  as  an  especially 
destructive  disease,  and  does  not  often  cause  any  appreciable 
damage  to  the  tree ;  but,  when  so  abundant  as  to  cause  a 
large  proportion  of  the  leaves  to  fall,  it  cannot  but  injure 
the  tree  to  some  extent. 
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Another  disease  of  the  stone  fruits,  the  so-called  "plum 
pockets"  (^Exoascus  Pnini,  Fckl.),  which  causes  young 
plants  to  become  swollen  and  distorted  in  a  peculiar  manner, 
has  been  received  several  times  this  year.  Besides  the  plum 
(^Prunus  domestica) ,  the  wild  cherry  (^Prunus  Yirginiana) 
is  also  affected  by  the  same  fungus.  The  disease  is  not  often 
very  abundant,  but  occasionally  causes  a  considerable  diminu- 
tion of  the  crop. 

For  methods  of  controlling  the  various  diseases  of  the 
peach,  plum  and  cherry,  consult  the  spraying  ])ulletin  annu- 
ally issued  by  the  horticultural  division  of  this  station. 

A  3Iii,sJc- melon  Disease. 

During  the  latter  part  of  August  our  attention  was  called 
to  a  field  of  musk-melons,  in  which  a  destructive  disease  of 
the  leaves  had  api)eared  and  seemed  to  ])e  rapidly  increasing. 
The  owner  informed  us  that  he  had  lost  his  entire  crop  the 
year  before  in  the  same  way.  It  was  evident  that  the  trouble 
began  in  the  centre  of  the  hills.  Here  the  leaves  at  the  time 
of  our  first  visit  had  in  many  hills  wilted  and  begun  to  turn 
yellow  and  partially  died.  They  were  covered  with  yellow 
spots,  or,  in  the  worst  cases,  ^\'ith  dead  areas  of  considerable 
size.  At  this  time  the  general  appearance  of  the  field  was 
good,  the  only  very  noticeably  afi'ccted  places  being  these 
centres  of  some  of  the  hills.  Still,  it  could  be  seen  on  closer 
examination  that  scarcely  a  leaf  in  the  whole  field  was  entirely 
healthy.  On  ahnost  every  one  there  were  small  yellow 
spots,  more  or  less  abundant,  some  were  slightly  wilted,  and 
it  was  evident  enough  that  the  disease  was  spreading  in  each 
hill  from  the  centre  outward.  The  dead  areas  on  the  most 
aftected  leaves  were  dry  and  l)rittlc,  marked  with  slight  con- 
centric rings,  and  a  dark,  mould-like  growth  could  be  seen 
upon  them.  Examined  with  the  microscope,  this  proved  to 
be  a  fungus,  and  a  species  of  Alleniaria.  It  grew  abun- 
dantly in  the  tissue  of  the  leaf  as  well  as  upon  the  surface, 
where  the  dark-brown,  club-shaped  spores  were  produced. 
No  other  fungus  or  other  organism  could  1h^  found  on  the 
aftected  leaves,  and  there  seemed  but  little  doubt  that  this 
was  the  direct  cause  of  the  trouble.     Furthermore,  Dr.  W. 
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C.  Sturgis,*  who  describes  what  is  evidently  the  same  disease 
in  Connecticut,  has  succeeded  in  producing  it  by  inoculating 
sound  leaves  with  the  fungus,  thus  leaving  no  doubt  that 
the  Alternaria  is  the  cause  of  the  trouble.  This  fungus  is  a 
mould-like  growth,  consisting  of  a  mass  of  fine  filaments 
which  grow  upon  and  in  the  leaf,  consuming  its  substance 
and  vitality.  It  reproduces  itself  by  the  above-mentioned 
spores,  which  are  blown  by  the  wind  from  the  surface  of  the 
affected  leaves  to  fresh  ones,  and  there  germinate  and  produce 
the  disease.  It  is  not  entirely  clear  why  the  leaves  near  the 
centre  of  the  hill  should  be  the  first  to  show  the  disease, 
unless,  perhaps,  it  is  because  they  are  the  oldest  leaves,  and 
thus  are  growing  less  vigorously  than  the  outer  ones,  and 
less  able  to  resist  the  attacks  of  such  a  fungus.  It  should 
not  be  supposed  that  the  disease  spreads  outward  to  the 
other  leaves  through  the  plant  itself,  as  the  nature  of  the 
fungus  shows  that  this  is  not  the  case,  but  that  it  spreads 
entirely  by  means  of  the  spores  which  are  carried  through 
the  air. 

As  the  disease  was  so  far  advanced  when  we  first  saw  it,  it 
was  pretty  evident  that  no  treatment  would  be  of  much  avail 
in  checking  it.  A  portion  of  the  field  was  sprayed  with 
Bordeaux  mixture,  but  the  weather  continued,  as  it  had  been 
for  some  time  previous,  very  rainy,  and  before  a  second 
spraying  could  be  made  almost  every  leaf  in  the  field  was 
dead  and  withered.  Some  of  the  melons  had  reached 
sufficient  size  to  mature,  but  nothing  like  a  full  crop  was  ob- 
tained. The  same  disease  was  met  with  in  one  other  locality 
during  the  season,  and  no  doubt  occurred  in  various  parts 
of  the  State,  though  melon-raising  is  not  much  practised 
here.  There  is  no  apparent  reason  why  this  disease  should 
not  be  as  successfully  treated  by  spraying  with  Bordeaux 
mixture  as  are  many  similiar  ones  which  are  largely  pre- 
vented by  this  means.  Experiments  will  be  made  another 
season  by  spraying  at  the  time  of  blossoming,  and  several 
times  thereafter  during  the  season.     Knowing  the  nature  of 

*  Report  Connecticut  Agricultural  Experiment  Station,  19  (1895),  p.  186,  and  20 
(1896) ,  p.  267.  See  also  Ohio  Bulletin  73,  p.  235,  and  89,  p.  117 ;  Journal  Mycology, 
vii,  p.  373. 
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the  disease,  it  will  of  course  he  at  once  understood  that  it  is 
very  advisahle  to  destroy  all  affected  vines  and  leaves  by 
burning.  It  might  also  be  safer  not  to  plant  melons  on  land 
where  the  disease  had  already  occurred  during  the  previous 
season.  We  do  not,  however,  lay  great  stress  on  this,  as 
many  farmers  have  a  particular  area  especially  suited  to  this 
crop,  which  they  do  not  like  to  give  up,  and  the  disease  is 
probably  disseminated  widely  enough  so  that  it  is  about  as 
likely  to  occur  in  one  place  as  another. 

Rotting  of  Cahbage. 
The  rotting  of  cabbage  in  the  field,  caused  by  a  species  of 
bacteria,  which  has  recently  been  so  thoroughly  investigated 
by  Russell*  and  Smith, -f  appeared  this  year  in  a  field  upon 
the  station  grounds,  and  also  occurred  to  our  knowledge  in 
several  other  places  in  the  State.  It  is  a  most  destructive 
disease,  causing  dead  spots  to  appear  upon  the  outer  leaves 
of  the  cabbage,  and  usually  resulting  in  a  complete  decay  of 
the  whole  head.  Cauliflower  is  quite  susceptil:»le,  as  also 
cabbages  and  turnips.  A  full  description  of  the  disease  may 
be  obtained  in  the  above-cited  Farmers'  Bulletin,  which  can 
be  obtained  upon  application  to  the  Secretary  of  Agriculture, 
Washington,  I).  C.  No  practical  remedy  is  known  except 
a  rotation  of  crops.  As  the  disease  occurred  here  on  land 
which  had  never  been  in  cabbages  before,  even  this  seems 
rather  uncertain. 

Further  Considerations  in  Regard  to  the  Drop  in  Lettuce. 
We  have  already  referred  to  this  disease  in  our  last  annual 
report,  and  it  may  not  be  out  of  place  to  Ijriefly  call  attention 
to  the  progress  which  has  l)een  made  towards  the  control  of 
this  troublesome  fungus.  The  study  of  the  organism  which 
causes  the  disease  has  given  some  suggestive  results  in  re- 
gard to  its  treatment.  The  ordinary  "damping  fungus" 
(Rotrj/ti'i),  has  been  generally  regarded  as  the  source  of  the 
trouble,  and  we  have  so  referred  to  it  in  our  })rcvious  report. 
Further  observation  has  shown,  however,  that,  whatever  may 

*  Bulletin  65,  Wisconsin  Experiment  Station. 

t  Farmers'  Bulletin  68,  United  States  Department  Agriculture. 
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be  the  relation  between  the  drop  fungus  and  Botri/tis,  it  is 
certain  that  the  disease  is  not  spread  by  Botrt/fis  spores  in 
the  air,  but  by  a  mycelium  or  mould-like  growth  in  the  soil 
itself. 

Our  control  experiments  have  so  far  been  along  three  dif- 
ferent lines ;  namely,  those  in  which  chemical  substances 
were  used  on  the  soil,  the  application  of  various  gases  to 
the  greenhouse,  and  the  eflect  of  difterent  layers  of  sand  and 
sterilized  earth.  The  results  olitained  by  the  use  of  chemical 
substances  have  been  entirely  negative,  and  the  use  of  gases 
does  not  at  the  present  time  give  great  encouragement.  In 
our  last  report  we  called  attention  to  the  use  of  sterilized 
soil  as  a  possible  control  method,  and  during  the  past  winter 
and  also  at  the  present  time  this  method  has  been  in  use. 
Our  experiments  have  shown  that  the  heating  method  is  the 
only  absolute  one,  although  some  gain  has  been  made  by  the 
use  of  three-fourths  of  an  inch  of  sand  upon  the  beds.  The 
sand  which  was  sterilized  showed  l)etter  results  than  the  un- 
sterilized.  In  both  instances,  however,  cleaner  and  better 
plants  have  been  obtained  Iw  the  use  of  three-fourths  or  one- 
half  of  an  inch  placed  upon  the  surface  of  the  soil.  Ex- 
periments in  which  three  or  four  inches  of  the  top  soil  was 
sterilized  gave  al)solute  results  in  the  control  of  the  drop,  and 
those  in  wdiich  two  inches  of  the  infected  top  soil  was  steril- 
ized have  not  as  yet  shown  any  evidences  of  the  drop.  Where 
one  inch  of  sterilized  soil  was  used  and  carefully  distributed, 
the  loss  from  the  drop  has  been  about  four  per  cent.,  while 
in  the  adjacent  beds  which  were  not  sterilized  the  loss  was 
about  fifty  per  cent.  These  experiments  have  been  carried 
out  in  another  badly  infested  house,  managed  by  an  experi- 
enced lettuce  grower,  on  a  much  larger  scale,  with  quite  sim- 
ilar results. 

While  this  method  gives  promise  of  being  a  practical  one, 
we  are  not  quite  certain  as  yet  whether  it  is  the  cheapest  one 
which  can  be  utilized,  and  other  control  methods  are  being  ex- 
perimented with.  Some  growers  clean  their  houses  out  every 
year,  and  put  in  fresh  subsoil  mixed  with  horse  manure ; 
but  such  a  method  is  expensive,  probably  more  so  than  the 
heatinir  of  an  inch  or  two  of  the  top  soil  previous  to  planting 
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the  crop.  If  one  is  provided  Avith  a  good  steam  l)oiler,  as 
most  lettuce  growers  are,  probably  two  hundred  cul)ic  feet 
of  soil  could  be  heated  sufliciently  in  one  or  two  hours'  time. 
This  amount  of  earth  will  cover  twenty-four  hundred  square 
feet  of  soil  one  inch  deep,  or  a  bed  twenty-four  feet  wide  by 
one  hundred  feet  long.  Of  course  this  heating  will  have  to 
be  done  with  every  crop,  as  the  stirring  of  the  soil  subse- 
quent to  planting  would  redistribute  the  fungus.  As  a  neces- 
sary precaution  against  the  drop,  it  would  also  l)c  necessary 
to  have  all  the  soil  sterilized  in  which  the  prickers  are 
started,  and  also  that  which  contains  the  first  transplanting. 
By  this  means  alone  much  lessening  of  the  drop  could  be  ac- 
complished ;  but  in  conjunction  with  sterilized  layers  one 
inch  thick  in  the  house,  it  would  in  most  cases  reduce  the 
infection  still  further.  The  amount  of  earth  that  is  employed 
in  the  seed  bed  and  also  that  in  which  the  first  transplanting 
is  done  is  not  so  large  but  that  it  could  be  entirely  sterilized. 
When  this  is  once  accomplished,  it  would  be  suflicient  for 
some  time  to  come,  provided  precautions  were  taken  against 
outside  contamination.  The  benefits  gained  from  the  use  of 
sterilized  soil  are  in  themselves,  regardless  of  the  drop,  suffi- 
cient to  pay  for  the  process,  according  to  some  who  have 
used  it,  inasmuch  as  the  lettuce  plant  shows  a  better  color 
and  makes  a  quicker  and  larger  growth. 

The  Chrysanthemum  Rust. 
This  comparatively  new  disease  has  been  not  uncommon 
in  the  State  during  the  past  season  ;  but  it  is  encouraging  to 
note  that  its  attacks  seem  in  most  cases  where  it  has  occurred 
to  have  had  but  little  appreciable  effect,  and  the  indications 
now  arc  that  this  disease  is  one  which  may  l)e  fully  con- 
trolled by  {)ropcr  methods  of  cultivation  and  management. 
We  noticed  especially  a  case  where  a  lot  of  plants  were 
brought  in  in  August  to  set  out  in  the  open  bed  for  fall 
blooming.  Fifteen  plants  were  left  over,  and  remained 
standing  on  a  greenhouse  bench  in  pots.  Later  in  the  season 
this  bench  was  filled  up  with  other  })otted  plants  which  had 
remained  out  of  doors.  Though  all  were  of  the  same  lot, 
the  fifteen  became  badly  rusted,  while  none  of  the  others  or 
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those  set  out  in  open  beds  showed  any  signs  of  the  disease. 
It  seemed  pretty  evident,  therefore,  that  the  high  August 
temperature  of  the  house  had  a  bad  etfect  upon  the  plants 
confined  in  pots,  causing  them  to  be  more  susceptible  to  the 
disease.  Some  of  the  plants  which  were  still  out  of  doors 
in  a  cold  frame  also  became  rusted,  ))ut  these  were  crowded 
together  so  that  all  the  lower  leaves  had  fallen  off,  and  were 
plainly  in  poor  condition.  Of  the  many  plants  which  were 
set  out  in  open  ])eds  in  August  or  placed  on  ])enches  with 
space  between  them  in  September,  not  one  showed  any 
noticeable  rusting. 

It  remains  to  be  said  that  the  rusted  plants,  though  badl}^ 
affected,  produced  blossoms  as  good,  apparently,  both  in 
quality  and  quantity,  as  similar  healthy  plants,  and,  further- 
more, did  not  spread  the  disease  to  other  plants,  though  kept 
in  close  proximity  to  them.  Judging,  therefore,  from  this 
year's  experience,  it  seems  probable  that  the  skilful  gardener 
has  no  great  cause  for  apprehension  in  this  disease. 

A  New  Pani^y  Disease. 

During  the  past  summer  our  attention  was  called  to  a  field 
of  pansies  at  the  establishment  of  a  local  seed  grower,  in 
which  the  plants  were  badly  affected  by  a  disease  of  the 
leaves  and  blossoms.  Upon  the  affected  leaves  first  appeared 
small  dead  spots,  each  surrounded  by  a  definite  black  border. 
These  spots  soon  increased  in  size,  and  in  the  later  stages 
of  the  disease  the  affected  leaves  had  an  appearance  very 
similar  to  that  of  the  violet  leaf  spot  (^Cercospora  Violce, 
Sacc).  Many  plants  were  killed  outright  by  the  disease, 
and  all  affected  ones  were  in  very  poor  condition.  Besides 
the  spotting  of  the  leaves,  many  of  the  blossoms  also  were 
affected,  the  petals  being  disfigured  by  dead  spots  and 
blotches  upon  them,  while  some  of  the  flowers  were  mal- 
formed or  only  partly  developed.  The  latter  was  indeed  one 
of  the  most  serious  features  of  the  trouble,  as  the  plants 
were  raised  for  seed,  and  the  yield  was  greatly  reduced  by 
this  failure  of  the  blossoms  to  develop  properly. 

It  was  thought  at  first,  from  the  general  resemblance  of 
the  leaf  spots  and  close  relationship  of  the  two  plants,  that 
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this  might  be  identical  with  the  violet  disease.  This,  how- 
ever, did  not  prove  to  be  the  case.  Examination  showed 
that  the  cause  of  the  trouble  was  a  fungus,  but  one  of  quite 
a  different  nature  from  Cercosponr,  and  belonging  to  the 
genus  CoUetotrichimi;  being  apparently  a  new  and  unde- 
scribed  species.  This  form  has  therefore  been  described  in 
the  ''Botanical  Gazette"  of  March,  1899,  under  the  name 
CoUetotrichum  Violce  —  Iricoloris. 

This  same  disease  has  been  seen  in  a  few  other  localities 
in  the  State,  and  Prof.  B.  D.  Halsted  has  also  very  kindly 
sent  us  specimens  of  it  from  New  Jersey,  so  that  the  trouble 
is  doubtless  widespread.  Its  occurrence,  however,  seems  to 
have  been  comparatively  slight,  except  in  the  one  instance 
described  above.  In  this  case  the  number  of  plants  was 
very  large,  and  pansies  had  been  grown  upon  the  same  field 
for  several  years,  which  may  account  for  the  severe  outbreak 
of  the  disease. 

A  portion  of  this  field  was  sprayed  twice  with  strong 
Bordeaux  mixture ;  l3ut,  as  it  was  already  late  in  the  season, 
and  heavy  rains  prevailed  at  the  time,  little  success  from  the 
treatment  was  looked  for.  The  owner,  however,  thought 
that  a  beneficial  result  appeared  from  the  treatment,  and 
from  our  own  observation  we  can  claim  at  least  that  later  in 
the  season  the  sprayed  portion  of  the  field  was  certainly  in 
the  best  condition  of  any.  If  this  did  indeed  result  from 
the  spraying  under  such  adverse  conditions,  it  seems  likely 
that  the  disease  could  be  kept  well  in  check  by  proper  treat- 
ment. 

Physiological  Disorders. 

Seasonal  Peculiai^ities  of  Certain  Shade  Trees. 

Some  complaints  have  been  made  in  regard  to  the  falling 
of  leaves  on  the  elm,  maple  and  apple  trees.  This  was 
especially  noticeable  on  the  elm  in  various  sections.  We 
had  many  specimens  sent  in  for  examination,  and  our  at- 
tention was  called  to  a  number  of  trees  in  which  certain 
branches  had  only  half-develo[)ed  leaves  on  them.  These 
leaves  would  linger  along  a  while  in  this  condition,  when 
they  would  gradually  turn  yellow  and  drop  to  the  ground. 
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Examination  made  of  a  great  many  leaves  and  branches  re- 
vealed no  fungous  or  insect  pest  preying  upon  them.  The 
condition  of  the  apple  trees  was  similar,  although  not  so 
prevalent ;  and  in  the  maple  the  cast-ofF  leaves  were  mature 
ones.  The  exact  cause  of  this  trouble  is  not  obvious,  but 
there  can  be  little  doubt  that  it  was  a  functional  disorder. 
We  have  observed  fine  specimens  of  elm  trees,  which,  after 
a  period  of  excessive  seasons,  would  suddenly  lose  all  their 
leaves  in  midsummer,  yet  a  year  or  two  later  would  appear 
as  vigorous  as  ever.  Inasmuch  as  the  trees  are  not  materi- 
ally injured  by  the  falling  of  a  few  leaves  in  midsummer, 
remedial  measures  are  not  necessary. 

Over-feeding  of  Plants. 

The  over-feeding  of  plants  is  not  an  uncommon  occur- 
rence at  the  present  time,  when  so  much  concentrated  fertil- 
izer is  used,  and  where  attention  is  not  given  to  the  proper 
amounts  that  should  be  employed.  This  trouble  not  only 
occurs  among  florists,  etc.,  but  among  those  who  cultivate 
house  plants  as  well ;  and  the  cause  of  the  trouble  is  usually 
traceable  to  the  fact  that  most  people  are  not  aware  of  the 
strength  of  the  constituents  serving  as  plant  food.  The 
normal  strength  of  chemically  pure  solutions,  available  for 
plants,  is  about  one  to  one  thousand  or  one  to  two  thousand 
parts,  and  when  these  solutions  are  put  on  at  the  rate  of  one 
to  one  hundred  or  so,  ill  results  must  be  expected  to  follow 
their  use. 

We  now  and  then  have  specimens  of  abnormal  plants  sent 
in  to  us  which  are  merely  suffering  from  some  such  treat- 
ment. A  potted  specimen  of  a  Johnsonian  lily,  which  had 
a  number  of  reddish  eruptions  or  blisters  upon  its  leaves, 
was  sent  in  for  examination.  These  reddish  blisters  were 
examined  under  the  microscope,  and  they  showed  no  evi- 
dence of  fungi  or  insects  being  present.  The  cells,  however, 
in  the  vicinity  of  the  blisters  showed  that  they  had  been 
stimulated  exceedingly,  which  manifested  itself  in  exces- 
sive cell  division,  giving  rise  to  the  blisters ;  and  where  this 
action  had  taken  place  excessively  the  tissues  were  ruptured, 
thus  producing  a  ragged,  wounded  appearance.     This  trouble 
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could  be  readily  referred  to  some  abnormal  features  in  con- 
nection with  nutrition,  and  an  inquiry  showed  that  the  plants 
had  been  heavily  fertilized  with  Chili  saltpetre.  The  same 
treatment  was  applied  by  us  to  a  perfectly  health}^  John- 
sonian lily,  with  the  result  that  the  same  activity  was  shown 
in  the  division  of  the  leaf  cells,  which  subsequently  gave  rise 
to  blisters  or  ragged  eruptions  identical  with  those  described. 

A  number  of  potted  specimens  of  cyclamens  grown  by  a 
florist  were  also  brought  to  our  notice  last  winter,  which 
showed  somewhat  similiar  peculiarities  in  the  leaf.  These 
leaves  were  blistered,  although  in  quite  a  different  manner 
from  the  Johnsonian  lily  mentioned  above.  There  were  no 
ragged  or  lacerated  eruptions  or  pustules  on  the  cyclamens, 
and  the  manner  of  blistering  was  quite  different,  although 
it  was  evidently  caused  by  over-feeding,  or  at  least  by  inju- 
dicious feeding,  as  it  was  found  that  the  plants  had  l)een 
heavily  treated  with  nitrate  of  soda. 

A  singular  case  of  over-fertilizing  or  perhaps  over-water- 
ing was  seen  in  some  specimens  of  carnations  sent  in  to  us 
by  a  gi'ower.  AVe  subsequently  visited  the  greenhouse  Avhere 
they  w^ere  found,  and  had  an  opportunity  of  seeing  these 
abnormal  plants  in  the  benches,  l)eside  other  plants  of  the 
same  variety  that  were  not  aft'ected.  About  fifty  plants  in 
tliis  house  showed  this  trouble,  and  it  was  confined  to  the 
most  robust  specimens  of  the  variety  known  as  the  Edith 
Foster,  and  in  some  instances  to  the  Mrs.  Fisher.  The 
characteristics  of  these  diseased  plants  were  whitish  stems 
and  foliage,  which  were  enlarged  to  al)out  twice  the  size  of 
normal  ones  growing  next  to  them.  Repeated  examinations 
of  the  tissues  of  the  aft'ected  plants  seem  to  show  that  there 
was  nothing  the  matter  with  them  except  what  might  be 
expected  from  impro[)er  nutritive  conditions,  such  as  might 
be  brought  about  by  too  nmch  fertilizer  or  excessive  water- 
ing, which  caused  the  plants  to  be  stimulated  abnormally  in 
their  growi;h.  In  the  spring  the  plants  w^ere  removed  from 
the  greenhouse  into  fresh  garden  soil,  but  they  failed  to 
recover.  The  same  variety  of  carnations  has  already  shown 
similar  symptoms  this  season. 

Injudicious  use  of  fertilizers  is  nof;  an  nnconiiiion  iii;ilfcr, 
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and  more  care  should  be  exercised  in  their  application. 
Most  fertilizer  companies  give  explicit  directions  as  to  the 
amounts  which  should  be  employed,  and  the  excessive  use 
of  them  is  generally  traced  to  the  carelessness  of  the 
gardener  in  applying  them.  The  results  of  over-feeding 
generally  manifest  themselves  in  some  abnormal  stimulation 
to  the  plant ;  but  these  results,  even  when  the  same  fertil- 
izer is  used,  do  not  show  themselves  in  a  similar  manner  on 
diflerent  species  of  plants.  What  would  give  rise  to  a 
multiplication  of  cells  and  the  formation  of  blisters  in  the 
leaf  of  one  plant,  would  not  do  it  in  the  leaf  of  another.  In 
short,  stimuli  in  plants  manifest  themselves  specifically  and 
manifoldly. 

The  Bronzing  of  Rose  Leaves. 

A  peculiar  bronzing  or  irregular  spotting  of  rose  leaves  was 
brought  to  our  attention  last  winter  by  Mr.  Alexander 
Montgomery,  Jr.,  a  member  of  the  senior  class.  This 
peculiarity  in  the  spotting  or  bronzing  of  the  leaf  is  common 
to  grafted  varieties  of  the  Tea,  Bride  and  Bridesmaid  roses, 
grown  at  the  extensive  Waban  conservatories  at  Natick ; 
and  Mr.  Montgomery,  who  was  working  in  the  botanical 
laboratory  at  that  time,  made,  at  my  request,  some  investiga- 
tions into  the  cause  of  the  trouble.  Both  Mr.  Montgomery 
and  his  father,  who  is  in  charge  of  the  Waban  conservatories, 
have  had  ample  opportunity  to  observe  bronzing ;  and  it 
therefore  became  a  very  easy  matter  to  secure  valuable  data. 
The  only  mention  which  we  have  noticed  in  connection  with 
this  disease  is  that  given  by  Professor  Halsted  of  New 
Jersey,  who  briefly  referred  to  it  in  his  annual  report  of 
1894.*  In  this  report  he  gives  a  figure  of  the  black  spot  of 
the  rose,  and  in  connection  with  it  is  shown  what  he  desig- 
nates a  "  discoloration  that  is  most  frequently  met  with  on 
the  foliage  of  the  La  France,  and  may  be  called  bronzing." 
This  he  states,  so  far  as  he  knows,  is  "not  due  to  any 
fungus,  and  is  likely  due  to  a  structural  weakness."  This 
reference  to  the  disease  by  Professor  Halsted  was  not  ob- 
served until  Mr.   Montgomery  had  finished  his  investiga- 

*  New  Jersey  Experiment  Station  Report,  1894,  p.  384. 
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tions ;  and,  in  order  to  ascertain  whether  the  trouble  with 
which  we  were  concerned  was  the  same  which  he  had  briefly 
alhided  to,  we  forwarded  him  specimens  for  examination, 
which  resulted  in  establishing  the  identity  of  the  two. 
There  is  a  certain  rescml)lance  l)etween  the  spots  which  give 
rise  to  bronzing  and  those  which  are  caused  by  the  black 
spot;  and  we  found  that  the  impression  prevailed  among 
some  rose  growers  that  bronzing  w^as  simply  an  innnature 
stage  of  the  black  spot.  To  any  one  thoroughly  familiar 
with  the  characteristics  of  both  diseases,  the  differences  be- 
tween them  would  bo  evident,  and  they  would  not  l)e  likely 
to  confound  one  with  the  other. 

The  investigations  of  Mr.  Montgomery  showed  that  the 
abnormal  condition  of  the  rose  leaves  subject  to  bronzing 
was  not  in  any  way  connected  vnth  fungi,  but  is  of  a  physio- 
logical nature,  or  structural  weakness,  as  Professor  Halsted 
had  correctly  surmised.  The  first  symptoms  are  manifested 
in  a  mottled,  bronzing  (coloration  of  the  leaf.  These  spots 
subsequently  become  more  prominent,  ranging  from  one- 
sixteenth  of  an  inch  to  one  inch  in  size ;  the  infected  por- 
tions of  the  leaf  frequently  turn  yellow,  and  eventually  the 
leaflets  and  leaf  stalk  droj)  to  the  gi'ound.  Sometimes,  how- 
ever, a  whole  leaflet  becomes  bronzed,  and  the  yellowish 
color  is  not  observed.  Numerous  microscopic  cross-sections 
made  of  the  bronzed  leaf  spots  showed  that  the  epidermal 
and  adjacent  cells  were  in  an  abnormal  condition.  The 
living  contents  of  the  cells  were  disintegrated,  the  proto- 
plasm and  cell  walls  had  turned  a  reddish-brown  color,  and 
numerous  very  minute  bodies  about  the  size  of  micrococci 
filk'd  the  aft'ected  cells.  These  minute  bodies  proved  upon 
examination  to  be  crystals  of  calcium  oxalate.  The  exces- 
sive deposits  of  calcium  oxalate  indicate  that  the  leaf  cells, 
being  unable  to  obtain  suflicient  nourishment,  were  not  al>le 
to  assimilate  the  calcium  salts,  and  c()nse<|uently  it  is  de- 
posited in  the  cells  in  the  form  of  calcium  oxalate.  It  may 
be  said  that  all  of  this  phenomenon  is  nothing  extraordinary, 
but  merely  concomitant  with  ihe  death  of  the  loaf,  and  can 
be  observed  in  other  species  of  plants.  ]\Ir.  Montgomery 
states  that  the  bronzed  leaves  an;  more  susceptible  to  disease. 
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and  he  has  observed  the  occurrence  of  rust  upon  them,  while 
healthy  leaves  would  be  entirely  free. 

A  further  examination  of  the  affected  plants  at  the  Waban 
conservatories,  made  by  Mr.  Montgomery  and  myself,  showed 
that  all  leaves  even  of  plants  subject  to  it  were  not  affected, 
but  that  it  was  confined  in  every  instance  to  two  places  : 
first,  where  a  stem  is  cut  and  a  new  branch  starts,  the  leaf 
at  the  base  of  the  branch  begins  to  bronze ;  second,  when 
an  eye  or  axillary  bud  is  rubbed  off,  the  leaf  generally 
becomes  bronzed. 

There  is  a  difference  in  susceptibility  between  young  plants 
and  old  ones.  Roses  planted  in  the  middle  of  June  show 
bronzing  the  first  of  August,  but  it  is  scarcel}^  noticed  after 
the  first  year's  growth.  Bronzing  appears  to  occur  more 
largely  upon  plants  which  show  rapid  growth  than  on  those 
which  have  grown  more  slowly ;  for  this  reason  apparently 
the  root  plants  or  ungrafted  ones  at  the  Waban  conserva- 
tories which  are  not  so  vigorous  as  the  grafted  ones  are  not 
susceptible  to  it.  Bronzing  sometimes  occurs  upon  small, 
weak  stock. 

It  should  l)e  stated,  however,  that,  since  bronzing  occurs 
on  leaves  at  the  axils  of  the  shoots  which  bear  the  flowers, 
no  real  harm  is  done  to  the  marketable  foliage,  as  the  cut- 
ting of  the  flower  stalk  is  always  above  the  position  of  the 
leaves  which  are  bronzed.  The  most  intellio;ent  and  sue- 
cessful  rose  growers  always  take  the  most  care  and  pride  in 
their  plants,  and  they  are  suspicious  of  any  abnormal  feature 
which  in  any  way  mars  the  beauty  of  them ;  and  this  is,  so 
far  as  we  have  observed,  the  only  inconvenience  which  this 
trouble  of  bronzing  ijives  rise  to. 

It  is  quite  evident  that  we  have  in  the  bronzing  of  rose 
leaves  a  physiological  phenomenon  which  is  not  uncommon 
to  other  plants.  We  have  observed  a  similar  falling  of  the 
axillary  leaves  in  other  species  of  plants.  In  the  rose  it  is 
probably  a  correlative  phenomenon,  which  is  brought  about, 
or  at  least  augmented,  by  years  of  cultivation  and  develop- 
ment along  certain  lines.  Any  form  of  mutilation,  whether 
it  be  a  cut  or  a  mere  scratch,  acts  as  a  stimulus  to  a  plant ; 
but  the  manner  of  reaction  of  the  plant  may  not  always  be 
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the  same  either  in  kind  or  degree.  As  a  rule,  the  cutting 
of  primary  organs,  such  as  a  shoot,  will  give  rise,  among 
other  things,  to  increased  activities  in  the  secondary  organs, 
such  as  a  side  shoot  or  side  root ;  and  conversely  the  cutting 
of  a  secondary  organ  or  branch  will  stimulate  the  primary 
organ  or  main  shoot.  Then,  again,  the  effects  of  stimuli 
caused  by  cutting  are  more  marked  near  the  source  of  in- 
jury, and  less  marked  the  further  away  an  organ  is  from  it. 
For  example,  the  cutting  of  the  main  axis  near  an  eye  or 
bud  would  give  rise  to  increased  activities  in  the  axillary 
bud,  which  would  manifest  itself  in  the  development  of  a 
new  shoot.  The  nearer  the  cut  to  the  e^^e  or  bud,  the  more 
marked  will  be  the  stimulation,  or  resultant  activities,  and 
the  more  completely  will  it  assume  the  characteristics  of  the 
primary  shoot.  The  better  condition  the  i)lants  are  in,  and 
the  more  suitable  and  available  plant  food  with  which  they 
are  supplied,  the  more  rapid  will  be  the  growth  of  the  shoot, 
and  the  more  marked  will  be  the  correlative  effects.  Such, 
in  fact,  are  some  of  the  laws  governing  correlation  in  plants. 
In  the  case  of  the  bronzing  and  subsequent  death  of  the 
axillary  rose  leaves,  the  stimulative  eff'ect  of  cutting  causes 
a  marked  growth  of  the  shoot,  and  the  nutritive  substances 
are  thereby  utilized  by  this  organ  to  such  an  extent  that 
some  other  portion  of  the  plant  is  made  to  suffer.  In  this 
instance  it  is  the  axillary  leaf  which  finally  becomes  bronzed, 
turns  more  or  less  yellow  and  dies.  Iji  other  words,  })rpnz- 
ing  is  nothing  more  or  less  than  a  physiological  disorder, 
and  falls  under  the  domain  of  plant  irritability. 

Cucumber  Wilt. 
The  gi'owing  of  cucumbers  under  glass  is  carried  on  ex- 
tensively in  some  places  in  this  State,  and  a  disease  known 
as  the  wilt  has  been  reported  to  the  station  a  number  of 
different  times.  Complaints  in  regard  to  this  disease  have 
always  come  from  certain  localities  where  it  has,  as  a  rule, 
been  quite  universal  among  the  different  growers.  The 
symptoms  of  the  disease  are  a  wilting  of  the  plant,  or,  more 
strictly  speaking,  of  the  foliage,  whenever  it  is  sul)jected  to 
the  intense  rays  of  the  sun. 
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We  visited  several  cucumber  houses  this  last  spring  in 
which  the  plants  were  subject  to  wilt,  and  observed  a  num- 
ber of  houses  which  contained  badly  aflected  plants.  In  those 
houses  running  north  and  south,  the  vines  in  the  morning 
on  the  east  side,  which  are  subject  to  the  sun's  rays,  would 
be  entirely  wilted ;  while  those  on  the  west  side,  and  away 
from  the  sun's  rays,  were  not  in  the  least  affected.  In  the 
afternoon,  when  the  sun  had  reached  the  west  side  of  the 
house,  the  vines  would  then  become  badly  wilted,  and  those 
on  the  east  side,  when  no  longer  exposed  to  the  direct  rays 
of  the  sun,  would  commence  slowly  to  recover.  The  cause 
of  the  wilt  in  every  instance  was  not  difficult  to  understand ; 
but,  as  a  necessary  precaution  against  drawing  deductions 
too  hastily,  wx  examined  every  portion  of  a  number  of  plants 
very  carefully,  to  convince  ourselves  that  there  was  no  other 
cause  than  that  which  we  had  in  mind.  It  is  well  known 
that  there  is  a  bacterial  disease  of  cucumbers  that  gives 
rise  to  a  wilting  of  the  leaves,  but  careful  examination  of 
the  tissues  shows  nothing  in  the  nature  of  bacteria  to  be 
present. 

At  about  the  same  time  we  visited  several  other  cucumber 
growers  in  other  sections  of  the  State,  and  had  an  oppor- 
tunity of  examining  many  vines  in  about  the  same  stage  of 
development.  In  some  instances  the  identical  varieties  of 
cucumbers  were  grown,  but  in  the  majority  of  cases  another 
variety  was  used,  namely,  the  White  Spine,  and  in  all  cases 
the  methods  of  cultivation  were  radically  different,  and  the 
wiltiniT  of  the  vines  was  something  unknown  to  them.  Long 
before  we  visited  the  region  of  wilt  a  number  of  letters  of 
inquiry  had  shown  us  that  the  disease  in  question  was  local, 
aad  the  majority  of  growers  had  never  had  trouble  with  it. 

The  cause  is  not  due  to  any  organism,  whether  insect  or 
fungous,  but  to  extremely  abnormal  conditions  of  the  })lants, 
brought  about  by  irrational  methods  of  cultivation  that  give 
rise  to  defective  transpiration,  or,  in  other  words,  to  the 
giving  off  of  water  from  the  leaves.  The  activity  of  tran- 
spiration is  affected  by  various  causes.  It  is  well  known  that 
the  stomata  or  breathing  pores  of  the  leaf  are  open  during 
sunshine  and  closed  during  darkness,  and  that  the  greatest 
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activity  in  transpiration  takes  place  during  sunshine.  This 
fact  is  frequently  demonstrated  by  young  cucumber  plants 
in  tolerably  good  conditions  of  health,  which  not  infrequently 
show  some  indications  of  wilt  in  sunshine,  though  not  enough 
to  cause  any  amount  of  harm.  This  is  especially  so  when 
they  are  forced  too  rapidly,  and  when  the  texture  of  the  leaf 
is  not  sufficiently  developed.  The  temperature  of  the  air 
affects  transpiration.  A  plant  in  an  atmosphere  saturated 
with  moisture  will  not  exhale  any  watery  vapor,  provided 
that  the  temperature  of  the  plant  is  not  higher  than  that  of 
the  air ;  but  when  the  temperature  of  the  air  is  high,  and 
the  proportion  of  moisture  small,  transpiration  is  promoted. 
Transpiration  is  further  affected  by  the  temperature  of  the 
soil  in  which  the  roots  are  embedded.  When  the  roots  are 
warmed,  transpiration  becomes  more  active,  and  conse- 
quently there  exists  more  root  absorptive  activity.  The 
nature  of  liquids  which  the  roots  absorb  and  the  kind  of  soil 
in  which  they  grow  also  affect  transpiration.  Plants  tran- 
spire more  when  grown  in  sandy  soil  than  when  grown  in 
clay  soil ;  also  when  grown  in  acid  soil  than  when  grown  in 
alkaline  soil.  One  per  cent,  solutions  of  potassium  nitrate 
and  other  salts  diminish  transpiration,  and  we  have  been 
able  to  produce  severe  cases  of  the  wilt  by  watering  pots  of 
cucumber  plants  with  a  one  per  cent,  solution  of  potassium 
nitrate. 

The  wilt,  however,  in  the  houses  mentioned  before  was 
not  due  to  temperature  or  constituents  of  the  soil,  but  was 
brought  about,  as  we  have  already  inferred,  by  irrational 
methods  of  treatment  of  the  plants,  and  depends  upon 
other  causes.  In  all  probability,  the  cause  of  the  wilt  may 
be  attributed  partially  to  the  characteristic  peculiarities  of 
the  varieties  of  cucumbers  grown,  as  most  of  the  varieties 
are  Telegraph  or  Giant  Pera.  In  many  cases  hybrid  forms 
are  obtained  by  crossing  these  with  the  White  Spine.  These 
varieties  present  a  different  appearance  from  the  AVhite 
Spine ;  their  stem  and  leaves  appear  to  be  small,  and  the 
plants  do  not  appear  normally  as  green  and  rugged  as  the 
White  Spine. 

The  methods  of  o^rowinj;  cucumbers  where  the  wilt  occurs 
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are  radically  wrong  in  many  ways.  The  houses  are  imper- 
fectly supplied  with  ventilation,  consequently  little  use  can 
be  made  of  this  necessary  feature.  Then,  again,  they  are 
supplied  either  wholly  or  partially  with  two  layers  of  glass, 
which  are  set  about  two  inches  apart,  thus  leaving  an  air 
space  in  between  for  the  purpose  of  keeping  out  the  cold, 
but  wliich  in  reality  becomes  filled  up  with  dirt,  and  is  an 
excellent  aid  in  shutting  out  the  light.  Plants  started  in 
such  a  house  in  winter  continually  suffer  from  lack  of  light, 
—  a  feature  wdiich  we  have  often  observed  in  the  greenhouses 
in  this  State.  Their  leaves  become  pale,  and  they  are  at- 
tached to  the  stalk  by  means  of  elongated  petioles,  and  pre- 
sent all  the  phenomena  of  partial  etiolation,  or,  in  other 
words,  they  resemble  plants  grown  in  the  dark.  If  we  add 
to  such  plants  an  enormously  high  temperature,  without  any 
proper  ventilation  to  make  them  stocky  and  ragged,  then 
we  have  a  crop  that  is  so  tender  and  abnormally  matured 
that  it  is  incapable  of  standing  strong  sunlight.  If  such  a 
crop  is  carried  over  until  spring,  and  subjected  to  the  intense 
rays  of  the  sun  occurring  in  that  season  of  the  year,  the  ten- 
der, etiolated,  sickly  colored  leaves  commence  to  wilt  even 
with  the  house  closed  and  a  considerable  degree  of  moisture. 

We  observed  as  many  as  a  dozen  houses  last  spring  af- 
fected in  this  way,  and  not  in  a  single  one  did  we  see  more 
than  a  dozen  or  so  of  what  might  be  termed  fairly  good- 
colored  and  healthy  plants.  Whenever  we  observed  a  plant 
which  possessed  any  color  or  texture  in  its  leaves,  we  found 
plants  which  showed  no  indication  of  the  wilt.  We  exam- 
ined at  the  same  time  in  another  locality  a  crop  of  a  similar 
variety  of  cucumbers  grown  in  a  house  provided  with  a 
single  layer  of  glass,  which  had  also  received  sufficient  venti- 
lation, and  the  plants  were  in  an  exceedingly  vigorous  con- 
dition. 

These  facts  show  what  it  is  always  necessary  to  bear  in 
mind,  that  some  varieties  of  plants  can  be  grown  by  differ- 
ent growers  with  entirely  different  results,  and  that  it  is 
essential  to  pay  the  greatest  attention  to  conditions  which 
are  normal  to  the  plants. 

While  tlie  cause  of  the  cucuml)er  wilt  is  due,  as  we  have 
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already  pointed  out,  to  irrational  methods  of  greenhouse 
management,  the  specific  cause  can  be  traced  directly  to  the 
lack  of  texture  in  the  plants,  ])rought  about  by  too  high  a 
temperature  and  lack  of  light  in  tlie  beginning,  which  does 
not  enable  them  to  stand  up  under  the  powerful  rays  of  the 
spring  sun,  as  the  amount  of  water  thrown  oti'  from  their 
tender  leaves  is  more  than  can  be  supplied  by  their  roots. 
This  irrational  method  seems  to  have  its  origin  in  a  desire 
to  save  coal,  and  starve  the  plant  by  utilizing  double  layers 
of  glass,  and  to  indulge  in  too  much  forcing ;  or,  in  other 
words,  to  get  more  out  of  the  plant  in  a  certain  length  of 
time  than  its  inherent  capacity  warrants.  In  these  methods 
of  culture,  affecting,  as  they  do,  a  single  locality,  we  see 
nothing  but  practice  based  upon  a  disregard  of  the  normal 
functions  of  the  plant,  and  mistakes  due  to  local  conception 
of  greenhouse  management.  The  remedy  in  such  a  case  is 
obvious,  and  consists  in  giving  the  plants  during  their  young 
stage  of  growth  plenty  of  light  and  air,  and  not  allowing 
them  to  grow  too  rapidly.  Cucuml)er  plants  grown  in  this 
manner  will  possess  color  and  texture,  and  they  will  be  capa- 
ble of  standing  the  spring  rays  of  the  sun  without  wilting. 

Some  Difficulties  ichich   Citij  Shade  Trees  have  to  contend 

witJi. 

For  some  years  back  our  larger  cities  have  had  park  com- 
missions, whoso  duty  consists,  among  other  things,  in  seeing 
to  the  setting  out  and  caring  for  shade  trees.  Many  of  these 
cities,  having  seen  the  necessity  of  a  more  general  oversight 
in  regard  to  the  care  of  trees,  have  gone  a  step  further,  and 
have  secured  the  services  of  a  trained  forester,  whose  busi- 
ness it  is  to  pay  special  attention  to  their  welfare. 

This  department  frecjuently  has  specimens  of  diseased 
leaves  and  branches,  especially  of  trees,  sent  to  it  for  the 
purpose  of  determining  what  is  the  matter  with  thorn. 
Sometimes  these  specimens  are  from  trees  in  which  a  single 
branch  has  lost  its  leaves  in  mid-summer,  or  they  may  be 
specimens  from  a  tree  which  has  died  suddenly.  An  exami- 
nation of  the  specimens  frequently  shows  that  there  is  no 
reason  for  Ijelicvinii:  that  their  abnormal  condition  is  caused 
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by  either  insect  or  fungi,  although  at  times  there  may  be 
observed  a  few  aphids  on  them,  which  it  is  generally  sup- 
posed are  the  cause  of  the  trouble.  The  causes  of  these 
troubles,  however,  are  in  many  instances  to  be  traced  to 
conditions  which  are  peculiar  to  our  times.  In  this  age  of 
electric  lights,  trolley  cars,  sewers,  pavements,  gas,  and 
transmission  of  steam  for  heating  purposes,  it  must  be 
confessed  that  the  practice  of  setting  out  shade  trees  along 
the  borders  of  streets  in  our  cities  becomes  rather  discour- 
aging. The  price  of  enjoying  these  modern  appliances  of 
scientific  thought  means  more  than  the  mere  cost  of  digging 
up  our  city  streets  and  lopping  off  the  limbs  of  trees  every 
few  months ;  in  many  instances  it  means  the  death  of  many 
shade  trees,  and  it  may  eventually  lead  to  the  question 
whether  it  is  worth  while  to  bother  at  all  with  trees  for  our 
city  streets.  The  sickly,  disfigured,  mutilated  specimens 
of  trees  which  are  now  and  then  seen  in  our  busy  city  streets 
have  very  little  to  recommend  them,  and  in  many  cases 
thoroughfares  would  become  improved  without  them. 

Some  of  the  agencies  which  more  especially  affect  our 
trees  are  electricity,  gas  and  steam.  These  may  aflect  the 
tree  directly,  by  escaping  and  coming  in  contact  with  some 
portion  of  it,  or  indirectly  as  by  the  lopping  of  limbs  for 
w4res  or  the  digging  of  trenches  for  the  pipes,  which  very 
frequently  results  in  destroying  portions  of  the  root  system. 
There  are  other  agencies,  however,  wliich  are  associated  with 
the  death  of  the  tree.  One  of  these  is  the  borer  that  is  very 
troublesome  to  the  rock  maple.  Trees  affected  wdth  these 
can  be  readily  detected  by  an  examination  of  the  bark  of  the 
tree  for  round  holes  about  one-quarter  of  an  inch  in  diameter, 
and  in  autumn  the  affected  limbs  can  be  readily  detected  by 
a  premature  coloration,  or  hectic  flush,  as  it  were,  of  the 
leaves.  Then,  again,  there  is  the  work  of  horses'  teeth, 
which,  according  to  Mr.  James  Draper,  who  has  had  many 
years'  experience  as  a  park  commissioner  at  Worcester,  in- 
flicts, more  damage  than  any  other  single  thing  to  city  trees. 
Many  of  the  specimens  of  diseased  shade  trees  which  are 
sent  in  to  us  year  after  year  can  be  referred  to  one  of  the 
above  agencies  as  a  cause  of  the  trouble. 
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The  death  of  many  trees  can  be  referred  to  ilhiniinating 
gas.  If  a  leak  occurs  in  the  pipe,  the  gas  escapes  very 
readily  into  the  soil,  especially  if  it  is  porous,  and  when  it 
comes  in  contact  with  the  roots  they  are  asphyxiated,  and 
the  result  to  the  tree  manifests  itself  very  quickly.  The 
symptoms  of  gas  poisoning  are  most  generally  a  sudden 
falling  of  the  leaves,  a  deadened  appearance  of  the  bark, 
due  to  the  collapse  of  the  cambium  or  living  layer,  brought 
about  by  the  asphyxiation  of  the  roots,  which  results  in  the 
rapid  death  of  the  tree.  In  mild  instances  of  poisoning  the 
effect  shows  only  upon  one  side  of  the  tree,  l)ut  in  general 
the  tree  seldom  escapes  death.  We  have  observed  many 
single  trees  killed  by  gas  on  the  private  grounds  of  city 
residences,  without  the  owner  ever  surmising  what  the 
trouble  was  ;  and  this  last  summer  we  had  an  opportunity 
to  examine  whole  rows  of  native  trees  Avhich  had  died  by  gas 
asphyxiation.  Some  of  the  trees  which  we  observed  were  at 
a  distance  of  fifty  feet  from  the  nearest  gas  main,  while  others 
succumbed  when  not  nearer  than  one  hundred  feet  to  the 
leak  in  the  pipes.  While  it  is  advantageous  to  all  gas  com- 
panies to  stop  these  leaks  as  soon  as  they  are  found,  it  be- 
comes practically  impossible  to  do  so  in  every  instance,  and 
the  death  of  trees  from  this  source  must  constantly  be  ex- 
pected. As  a  matter  of  fact,  the  death  of  some  fine  shade 
tree  is  not  infrequently  the  first  indication  the  gas  company 
has  of  a  leak  in  its  main. 

Abnormal  respiratory  conditions,  which  usually  result  in 
either  a  sudden  or  lingering  death  to  trees,  occur  where  they 
have  become  submerged  in  water,  or  where  they  have  been 
covered  with  a  foot  or  move  of  soil.  We  have  noticed  trees 
growing  beside  sloping  roadsides  which  had  become  filled  in 
with  earth  only  on  one  side  of  the  tree,  resulting  in  that  side 
of  the  tree  becoming  dead,  while  the  other  side  would  linger 
along  in  an  unhealthy  condition  for  years. 

Less  often  does  the  death  of  trees  result  from  steam,  as 
the  transmission  of  this  is  not  so  common.  Occasionally, 
however,  where  steam  pipes  are  laid  near  trees,  they  are 
sometimes  injured. 

The  various  forms  of  concrete  and  pavements  and  the  large 
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surface  of  the  ground  covered  hy  them  about  the  city  streets 
are  a  menace  to  the  health  of  trees,  and  the  sickly  conditions 
which  they  present  are  often  due  to  these.  Some  of  our  more 
modern  city  streets  obviate  this  matter  by  leaving  a  wide 
space  of  turf  between  the  sidewalk  and  road,  for  the  purpose 
of  planting  trees.  This  gives  the  roots  a  chance  to  develop 
normally,  inasmuch  as  the  respiratory  functions  are  not  in- 
terfered with,  as  is  the  case  when  they  are  covered  with 
pavements.  Many  of  the  streets  in  Springfield  are  especially 
commendable  in  this  direction. 

Not  a  little  of  the  disfiguration  of  trees  is  directly  due  to 
the  linemen  in  lopping  limbs,  and  more  especially  to  the 
direct  efiect  of  electric  currents.  We  have  observed  no  in- 
stance where  electricity  has  killed  a  tree  outright,  l)ut  there 
are  many  cases  where  the  limbs  have  been  killed  In'  burning. 
This  efi'ect  is  not  only  caused  by  the  alternating  current  of 
the  electric  lights,  but  by  the  direct  current  of  the  trolley 
system ;  the  latter  current  being  probably  more  injurious, 
provided  the  same  amount  of  amperes  and  voltage  is  em- 
ployed. The  damage  done  l)y  grounded  wires  takes  place 
when  trees  are  moist,  as  at  that  time  the  resistance  is  re- 
duced, and  the  current  Ijecomes  increased  and  has  a  better 
opportunity  to  become  dispersed.  We  have  known  of  in- 
stances where  trees  and  the  grass  for  some  distance  al30ut 
them  have  been  charged  with  the  escaping  current.  The 
damage  to  the  trees,  however,  is  due  to  the  heating  efiect 
of  electricity.  The  wire  becomes  grounded  on  a  limb,  and 
when  moist  the  current  escapes.  At  first  comparatively 
little  current  passes  through  the  limb,  as  the  resistance  is 
high ;  but,  as  the  heat  increases  the  resistance  decreases, 
with  the  result  that  a  large  amount  of  current  passes  through, 
which  gives  rise  to  still  more  heat,  and  subsequently  develops 
into  a  blaze.  The  action  of  electricity,  as  we  have  already 
stated,  is  local  in  its  effects.  The  injury,  while  sufficient  to 
kill  every  portion  above  the  limb  or  trunk,  does  not,  so  far 
as  our  observation  goes,  destroy  the  tissues  very  far  above, 
the  point  of  grounding.  There  are  reasons  for  believing, 
however,  that  the  eft'ects  of  the  direct  current  are  more 
severe  than  those  of  the  alternatino-  current.      In  the  case  of 
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the  alternating  current  the  anode  and  cathode  alternate  very 
quickly,  while  in  the  direct  current  no  alternation  takes 
place,  and  this  results  in  an  electrolysis  of  the  cells,  which 
in  turn  produces  disintegration  and  quick  death  to  the  pro- 
toplasm. In  short,  we  may  say  that  all  of  the  injury  to  trees 
by  electricity  is  brought  about  by  heating,  and  by  electroly- 
sis and  disintegration  of  the  cell  contents.  Some  oljserva- 
tions  made  by  Professor  Hartig  of  ]Munich  upon  the  effects 
of  lightning  on  trees  are  interesting  in  connection  with  the 
subject  of  electricity.  He  ol)served  that  when  a  tree  is 
struck  by  lightning  the  current  usually  travels  along  the 
cambium  zone  or  living  layer  of  the  tree,  just  under  the 
bark,  inasmuch  as  at  this  point  the  current  finds  the  least 
resistance.  Sometimes  the  burning  effect  is  more  marked 
just  inside  and  outside  of  the  cambium  layer,  where  the  re- 
sistance is  slightly  greater,  —  a  feature  Avhich  is  shown  l)y 
the  dead  areas  in  the  trees  man}'  years  after.  There  are 
many  trees  struck  by  lightning  which  show  scarcely  any 
injury,  and  others  will  show  only  a  small  dead  area  which 
coincides  with  the  path  of  the  current.  Professor  Hartig 
has  made  many  observations  upon  trees  struck  by  lightning, 
and  his  practised  eye  is  able  to  detect  trees  that  have  been 
so  afi'ected  which  to  the  ordinary  observer  would  a})})ear 
perfectly  sound. 
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HATCH  EXPERIMENT  STATION 

OF   THE 

MASSACHUSETTS   AGRICULTURAL   COLLEGE, 

AMHERST,  MASS. 


By  act  of  the  General  Court,  the  Hatch  Experiment 
Station  and  the  State  Experiment  Station  have  been  con- 
solidated under  the  name  of  the  Hatch  Experiment  Station 
of  the  Massachusetts  Ag-ricultural  College.  Several  new 
divisions  have  been  created  and  the  scope  of  others  has 
been  enlarged.  To  the  horticultural  has  been  added  the 
duty  of  testing  varieties  of  vegetables  and  seeds.  The 
chemical  has  been  divided,  and  a  new  division,  "  Foods  and 
Feeding,"  has  been  established.  The  botanical,  including 
plant  physiology  and  disease,  has  been  restored  after  tem- 
porary suspension. 

The  officers  are  :  — 


Henry  H.  Goodell,  LL.D., 
William  P.  Brooks,  Ph.D., 
George  E.  Stone,  Ph.D., 
Charles  A.  Goessmaxx,  Ph.D.,  LL.D. 
Joseph  B.  Lindset,  Ph.D., 
Charles  H.  Ferxald,  Ph.D., 
Henry  T.  Fernald,  Ph.D., 
Samuel  T.  Maynard,  B.Sc, 
J.  E.  Ostrander,  C.E., 
Henry  M.  Thomson,  B.Sc, 
Ralph  E.  Smith,  B.Sc, 
Henri  D.  Haskins,  B.Sc, 
Charles  I.  Goessmaxn,  B.Sc, 
Samuel  W.  Wiley,  B.Sc, 
Edward  B.  Holland,  M.Sc, 
Fred  W.  Mossman,  B.Sc, 
Benjamin  K.  Jones,  B.Sc, 
Philip  H.  Smith,  B.Sc, 
George  A.  Drew,  B.Sc, 
Herbert  D.  IIemenway,  B.Sc, 
Arthur  C.  Monahan, 


Director. 

Agriculturist. 

Botanist. 

Chemist  (fertilizers). 

Chemist  (foods  and  feeding). 

Entomologist.        ^^ 

Associate  Entomologist. 

Horticulturist. 

Meteorologist. 

Assistant  Agriculturist. 

Assistant  Botanist, 

Assistant  Chemist  (fertilizers). 

Assistant  Chetnist  (fertilizers). 

Assistant  Chemist  (fertilizers). 

First  Chemist  (foods  and  feeding). 

Assistant  Chemist  (foods  and  feeding). 

Assistant  Chemist  (foods  and  feeding). 

Assistant  in  Foods  and  Feeding. 

Assistant  Horticulturist. 

Assistant  Horticulturist. 

Observer. 
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The  co-operation  and  assistance  of  farmers,  fruitgrowers, 
horticulturists  and  all  interested,  directly  or  indirectly,  in 
agriculture,  are  earnestly  requested.  Communications  may 
be  addressed  to  the  "  Hatch  Experiment  Station,  Amherst, 
Mass." 

The  followino;  bulletins  are  still  in  stock  and  can  be  fur- 
nished  on  demand  :  — 

No.  27.     Tubei'culosis  in  college  herd;   tuberculin  iu  diagnosis; 

bovine  rabies ;  poisoning  by  nitrate  of  soda. 
No.  33.     Glossary  of  fodder  terms. 
No.  35.     Agricultural  value  of  bone  meal. 
No.  37.     Report  on  fruits,  insecticides  and  fungicides. 
No.  41.     On  the  use  of  tuberculin  (translated  from  Dr.  Bang). 
No.  43.     Effects  of  electricity  on  germination  of  seeds. 
No.  45.     Commercial   fertilizers;    fertilizer   analyses;    fertilizer 

laws. 
No.  46.     Habits,  food  and  economic  value  of  the  American  toad. 
No.  47.     Field  experiments  with  tobacco. 
No.  48.     Fertilizer  analyses. 
No.  49.     Fertilizer  analyses. 

No.  52.     Variety  tests  of  fruits;  spraying  calendar. 
No.  54.     Fertilizer  analyses. 
No.  55.     Nematode  worms. 
No.  57.     Fertilizer  analyses. 
No.  58.     Manurial  requirements  of  crops. 
No.  59.     Fertilizer  analyses. 

No.  60.     Insecticides  ;  fungicides  ;  spraying  calendar. 
No.  61.     The  asparagus  rust  in  Massachusetts. 
No.  63.     Fertilizer  analyses. 
Special  bulletin,  —  The  brown-tail  moth. 
Special  bulletin,  —  The  coccid  genera  Chionaspis  and  Hemichiou- 

aspis. 
Index,  1888-95. 

Of  the  other  bulletins,  a  few  copies  remain,  which  can  be 
supplied  only  to  complete  sets  for  libraries. 

The  usual  variety  of  problems  have  presented  themselves 
for  solution.  In  the  agricultural  division  some  interesting 
data  have  been  collected  on  the  use  of  sulfate  and  muriate 
of  potash  as  fertilizers.  With  the  sugar  beet  the  larger 
yield  was  secured  from  the  muriate,  but  the  percentage  of 
sugar  was  greater  and  tlie  juice  was  of  a  higher  degree  of 
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purity,  presenting  less  difficulties  in  manufacture,  from  the 
sulfate.  In  sweet  and  field  corn  there  was  no  perceptible 
difierence  in  product,  quality  or  food  value,  but  with  cab- 
bages the  yield  was  much  greater  from  the  use  of  the  sulfate. 
In  the  tests  of  potatoes  the  Beauty  of  Hebron  and  Early 
Rose  still  rank  in  94  varieties  among  the  most  productive 
sorts,  either  for  early  or  late  harvests.  In  feeding  poultry 
a  narrow  i".  a  wide  ration  for  egg-production,  the  results 
seemed  to  be  largely  in  favor  of  the  wide  ration,  richer  in 
corn  meal  and  corn,  in  the  following  particulars  :  (a)  lower 
cost  of  feed,  {b)  a  gain  of  23  to  91  per  cent,  more  eggs, 
(c)  a  lower  cost  per  egg,  (d)  a  greater  increase  in  weight 
and  (e)  a  much  earlier  moult. 

In  the  meteorological  division,  besides  the  usual  observa- 
tion of  weather  phenomena,  the  means  of  the  various  weather 
elements  for  the  last  ten  years  have  been  tabulated,  and 
normal  conditions  for  the  period  deduced.  Observations 
relating  to  soil  temperature  and  moisture  by  electrical 
methods  have  been  continued,  and  results  from  the  corn- 
growing  season  of  the  current  year  have  ])een  worked  out 
to  serve  as  basis  for  comparison  in  succeeding  years. 

In  the  horticultural  division,  experiments  have  been  carried 
on  in  the  use  of  hydrocyanic  acid  gas  under  glass  as  an  in- 
secticide, but  definite  results  have  not  yet  been  secured. 

In  the  entomological  division,  the  card  catalogue  to  the 
literature  of  North  American  insects  now  numbers  over 
forty  thousand.  The  inspection  of  nurseries  for  the  San 
Jose  scale  and  the  granting  of  authorized  certificates  has 
been  added  to  the  work  of  the  division  ;  bulletins  on  the 
coccid  genera  Chionaspis  and  Ilemichionaspis  and  the  grass 
thrips  have  been  issued,  and  one  on  the  clover-head  beetle 
and  a  monograph  of  the  Pyralid86  are  ready  for  publication. 
The  composition  of  Raupenleim,  formerly  imported  at  a 
high  price,  has  been  determined,  and  it  can  now  be  made  at 
a  trifling  cost. 

In  the  botanical  division,  interesting  observations  have 
been  made  on  the  distribution  of  tlic  asparagus  rust  in 
Massachusetts  and  the  relation  existing  between  its  out- 
breaks and  the  rainfall,  together  with  the  physical  proper- 
ties of  tilt'  soil.      There  is  a  niarkod   susceptibility  of  [)lants 
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to  this  disease  when  grown  in  soil  possessing  little  water- 
retaining  properties,  and  a  strong  relation  appears  to  exist 
between  dry  seasons  and  the  occurrence  of  the  summer  or 
injurious  stage  of  the  rust. 

The  chemical  division  (foods  and  feeding)  has  analyzed 
during  the  year  2,045  substances,  besides  carrying  on  for 
the  Association  of  Official  Agricultural  Chemists  investiga- 
tions relative  to  the  best  methods  for  the  determination  of 
starch,  pentosans  and  galactan  in  agricultural  products. 

The  chemical  division  (fertilizers)  has  issued  67  licenses 
to  manufacturers,  importers  and  dealers  in  commercial  fer- 
tilizers and  agricultural  chemicals,  38  of  whom  had  offices 
of  general  distribution  in  Massachusetts ;  384  samples  of 
fertilizers  were  collected  in  the  open  markets  by  experienced 
assistants  of  the  station,  and  362  were  analyzed  and  the  re- 
sults published  in  bulletins. 

Reports  from  the  different  divisions,  giving  in  detail  the 
work  of  the  year,  accompany  this  brief  summary. 
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ANNUAL  REPORT 

Of  George  F.  Mills,  Treasurer  of  the  Hatch  Expekiment  Station 
OF  Massachusetts  Agricultural  College, 

For  the  Year  endinij  June  30, 1899. 


Cash  received  from  United  States  treasurer. 

• 

$15,000  00 

Cash  paid  for  salaries,    .... 

$4,216  31 

for  labor,        .... 

5,167  16 

for  publications,     . 

1,090  45 

for  postage  and  stationery,  . 

242  31 

for  freight  and  express. 

122  39 

for  heat,  light  and  water, 

164  77 

for  chemical  supplies,  . 

3  45 

for  seeds,  plants  and  sundry 

supplies, 

484  58 

for  fertilizers. 

1,076  40 

for  feeding  stuifs,  . 

208  55 

for  library,     .... 

411  65 

for  tools,  implements  and  machinery. 

718  80 

for  furniture  and  fixtures. 

61  45 

for  scientific  apparatus, 

201  90 

for  live  stock, 

95  00 

for  traveling  expenses, 

105  21 

for  contingent  expenses, 

139  25 

for  building  and  repairs. 

490  37 

$15,000  00 

HI  1,200  00 

Cash  received  from  State  treasurer. 

from  fertilizer  fees. 

3,585  00 

from  farm  products, 

1,641  78 

from  miscellaneous  sources,  . 

1,906  71 



118,333  49 

Cash  i)aid  for  salaries,   . 

$8,127  13 

for  labor, 

.    4,275  48 

for  publications,     . 

.      204  00 

for  postage  and  st^itionery, 

.       211  49 

for  freight  and  express. 

.       162  01 

for  heat,  light  and  water, 

.      683  59 

.4)iiou)if  cnrrirdforivard, 

n3,.')63  70 
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Amoiuit  brought  forward. 

Cash  paid  for  chemical  supplies,  . 

for  seeds,  plants  and  sundry  supplies, 
for  fertilizers,        .... 
for  feeding  stuffs,  .... 

for  library, 

for  tools,  implements  and  machinery, 

for  furniture  and  fixtures, 

for  scientific  apparatus, 

for  live  stock,         .... 

for  traveling  expenses, 

for  contingent  expenses, 

for  building  and  repairs, 


113,563  70 

.   842 

90 

.   752 

76 

.   302 

21 

.   443 

36 

33 

97 

32  75 

.   227 

68 

.   108 

27 

87 

22 

.   272 

70 

.   180 

00 

.  1,485 

97 
—  $18,333  49 

I,  Charles  A.  Gleason,  duly  appointed  auditor  of  the  corporation,  do  hereby  certify 
that  I  have  examined  the  books  and  accounts  of  the  Hatch  Experiment  Station  of 
the  Massachusetts  Agricultural  College  for  the  fiscal  year  ending  June  30,  1899; 
that  I  have  found  the  books  well  kept  and  the  accounts  correctly  classified  as  above ; 
and  that  the  receipts  for  the  year  are  shown  to  be  $33,333.49,  and  the  corresponding 
disbursements  $33,333.49.  All  the  proper  vouchers  are  on  file,  and  have  by  me  been 
examined  and  found  to  be  correct,  there  being  no  balance  on  accounts  of  the  fiscal 
year  ending  June  30,  1899. 

CHARLES   A.   GLEASON, 

Auditor. 

Amherst,  Aug.  11,  1899. 
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EEPORT   OF   THE  AGRICULTURIST. 


WM.    1".    BROOKS;    ASSISTANT,   H.    M.   THOMSON. 


The  work  of  the  agricultural  department  of  the  station  has 
been  more  extensive  during  the  past  year  than  ever  before 
during  its  history.  Besides  the  investigations  selected  for 
full  discussion  later  in  this  report,  we  have  carried  on  a  large 
number  of  other  out-door  experiments,  among  which  may 
be  mentioned  those  having  the  following  objects  in  view : 
with  potatoes,  to  detennine  the  best  distance  for  planting; 
with  oats,  to  determine  relative  value  of  equal  money's 
worth  of  five  difierent  phosphates  ;  with  corn,  to  determine 
relative  value  of  ten  leading  phosphates  when  used  in  quan- 
tities furnishing  equal  amounts  of  phosphoric  acid ;  with 
orchard  trees,  to  test  the  effects  of  five  different  systems  of 
manuring  ;  to  test  the  value  of  employing  nitragin  for  several 
of  the  crops  of  the  clover  family  ;  to  determine  the  adapta- 
tion and  value  of  different  grasses,  forage  and  food  crops. 

We  have  put  up  a  glass  house  for  use  in  connection  with 
pot  experiments,  and  have  installed  a  very  complete  equip- 
ment of  iron  tracks,  trucks,  pots,  etc.,  for  use  in  such  ex- 
periments. The  house  is  23  l)y  60  feet,  and  contains  six 
tracks.  The  track  yard  adjoining,  which  is  enclosed  by  fine 
wire  netting,  is  28  by  80  feet.  It  contains  seven  tracks, 
on  which  the  trucks  carrying  the  pots  stand  during  good 
weather,  being  quickly  run  into  the  house  in  case  of  rain  or 
storm.  It  has  transfer  track,  turn-table  and  an  iron  water 
tank.  AV^e  have  partitioned  ofi'  a  room  (12  by  30  feet)  in 
the  old  barn,  cemented  the  floor,  and  connected  the  same 
with  the  glass  house  by  iron  track  about  100  feet  in  length. 
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This  serves  as  a  work  room  in  connection  with  pot  experi- 
ments. We  have  this  year  carried  on  experiments  with 
potatoes,  onions,  soy  beans,  corn  and  millet  as  crops,  in 
which  we  have  used  286  pots.  The  results  are  of  much  value, 
having  assisted  toward  the  solution  of  a  number  of  important 
problems ;  but,  as  there  remains  much  chemical  work  to  be 
finished  in  connection  therewith,  these  experiments  cannot 
be  reported  at  this  time.  Of  the  value  of  this  method  of 
experiment,  which  has  so  approved  itself  with  European 
investigators,  there  can  not  be  the  slightest  doubt ;  it  will 
prove  a  most  important  adjunct  to  field  work. 

We  have  further  carried  out  a  number  of  experiments  in 
cylinders  4  feet  deep  and  2  feet  in  diameter  (without  bot- 
tom), plunged  to  the  rim  in  the  open  air  and  filled  with 
equal  amounts  of  carefully  mixed  earth.  In  these  experi- 
ments we  have  employed  sixty-three  such  cylinders,  dealing 
with  some  important  problems.  This  too  proves  a  valuable 
method  of  work.  Results  are  not  yet  sufiiciently  worked 
out  for  publication. 

The  report  will  touch  in  detail  only  upon  experiments  the 
results  of  which  are  sufiiciently  definite  to  permit  practical 
deductions  of  value.  The  report  on  such  experiments 
follows. 

Soil  Tests. 
Two  soil  tests  have  been  carried  out  upon  our  home  grounds 
during  the  past  season,  both  in  continuation  of  previous 
work  upon  the  same  ground.  The  same  kinds  of  fertilizers 
have  been  applied  to  each  plot  and  in  the  same  amounts  as 
last  year.  In  addition,  each  plot  in  the  first  test  received 
an  application  of  slaked  lime,  at  the  rate  of  one  ton  per  acre  ; 
in  the  second  test,  one-half  of  each  plot  received  an  applica- 
tion of  lime  at  the  same  rate.  The  lime  was  spread  evenly 
early  this  spring,  and  harrowed  in,  both  fields  having  been 
ploughed  the  previous  fall. 

Soil  Test  with  Corn.     Amherst. 
The  past  is  the  eleventh  season  that  the  experiment  on  this 
field  has  been  in  progress.     The  crops  in  order  of  rotation 
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have  been  corn,  corn,  oats,  grass  and  clover,  grass  and 
clover,  corn  followed  by  mustard  as  a  catch-crop,  rye,  soy 
beans,  white  mustard,  corn,  and  this  year  corn  once  more. 
During  all  this  time  four  of  the  fourteen  plots  into  which  the 
field  is  divided  have  received  neither  manure  nor  fertilizer  ; 
three  having  but  a  single  important  manurial  element,  nitro- 
gen, phosphoric  acid  and  potash,  —  every  year  the  same; 
three  have  received  each  year  two  of  these  elements  ;  one 
has  received  all  three  yearly  ;  and  one  each  has  received 
yearly  lime,  plaster  and  farm-yard  manure.  It  will  be  seen 
that  the  greater  part  of  the  field  has  remained  either  entirely 
unmanured  or  has  had  but  a  partial  manuring,  and  it  will  be 
readily  understood  that  the  degree  of  exhaustion  of  most  of 
the  plots  is  considerable.  The  nothing  plots  produced  this 
year  an  average  of  4.6  bushels  of  shelled  corn  per  acre  and 
767.5  pounds  stover;  and  even  this  figure  is  somewhat  mis- 
representative,  owing  to  the  fact  that  after  this  long  period 
two  of  the  nothing  plots  which  adjoin  plots  which  have  been 
3'earlj  well  manured  begin  to  feel  the  effect  of  the  high  fer- 
tility of  their  neighbors,  although  separated  from  them  by 
strips  three  and  one-half  feet  wide. 

The  Efftd  of  the  Fertilizers. 
The  table  shows  clearly  the  marked  differences  undoubt- 
edly due  to  the  variation  now  eleven  years  continued  in  the 
fertilizer  treatment.  The  fertilizers  wherever  employed  are 
applied  at  the  following  rates  per  acre  ;  nitrate  of  soda,  160 
pounds  (furnishing  nitrogen)  ;  dissolved  bone-black,  320 
pounds  (furnishing  phosphoric  acid)  ;  muriate  of  potash, 
160  pounds  (furnishing  potash)  ;  land  plaster,  160  pounds  ; 
lime,  160  pounds  ;  and  cow  manure,  5  cords.  All  i)lots,  it 
must  be  rememl)ered,  received  also  an  a])plication  of  lime 
at  the  rate  of  1  ton  per  acre,  in  addition  to  the  materials 
named  in  the  tal)le. 
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South 

Acre  Soil  Test,  1899 

.* 

Yield  pbb  Acre. 

Gain  or  Loss  compared 

WITH  NoTHiNs  Plots, 

PER  Acre. 

o 

Shelled 

Cornt 

(Bushels). 

Stover  t 
(Pounds). 

Shelled 

Corn 

(Bushels). 

Stover 
(Pounds). 

1 

Nitrate  of  soda, 

13.75 

1,160 

9.87 

430 

2 

Dissolved  bone-black,     . 

3.50 

620 

—  .38 

—  110 

3 

Nothing 

3.88 

730 

- 

- 

4 

Muriate  of  potash,  . 

49.75 

2,760 

45.50 

2,000 

5 

Lime 

7.25 

1.100 

2.62 

310 

a 

Nothing 

5.00 

820 

- 

- 

7 

Manure,    .... 

75.88 

5,350 

70.88 

4,530 

8 

g 

Nitrate  of  soda  and  dissolved  bone- 
black. 
Nothing 

21.38 
5.88 

1,220 

840 

15.50 

380 

10 

Nitrate  of  soda  and  muriate  of  pot- 
ash. 

Dissolved  bone-black  and  muriate 
of  potash. 

Nothing, 

47.88 

2,360 

42.75 

1,573 

11 

12 

59.88 
3.63 

3,160 
680 

55.50 

2,427 

13 

Plaster 

6.63 

990 

3.00 

310 

14 

Nitrate  of  soda,  dissolved  bone- 
black  and  muriate  of  potash. 

72.88 

4,450 

69.25 

3,770 

*  All  plots  limed  at  rate  of  one  ton  per  acre. 

t  Both  stover  and  ears  were  driest  upon  the  plots  giving  the  larger  yields,  viz.,  4,  7, 10,  11 
and  12,  for  only  on  these  was  growth  sufficiently  normal  to  allow  natural  ripening. 


The  Results  in  1898. 

[No  lime  had  been  used  except  on  the  lime  plot.] 

For  purposes  of  comparison  I  here  present  a  statement 
covering  the  results  of  last  year  (1898),  when  also  the  crop, 
as  has  been  pointed  out,  was  corn.  I  quote  from  my  last 
annual  report :  — 

The  Biugle-element  plots,  one  receiving  nitrate  of  soda  only 
yearly,  another  phosphoric  acid  and  the  third  potash,  give  this  year 
practically  equal  crops  of  grain,  respectively  at  the  rate  of  20.6, 
18.0  and  19.8  bushels  per  acre.  The  nitrate  of  soda  and  dissolved 
bone-black  give  a  crop  at  the  rate  of  32  bushels  per  acre,  while 
nitrate  of  soda  and  potash  give  at  the  rate  of  but  10.9  bushels. 
The  dissolved  bone-black  and  muriate  of  potash  do  much  better, 
yielding  at  the  rate  of  41.2  bushels.  The  fertilizer  supplying  nitro- 
gen, phosphoric  acid  and  potash  gives  a  crop  of  55.9  bushels,  while 
manure  gives  07.7  bushels. 
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It  may  be  remembered  that  in  eacb  of  the  three  previous  j'ears 
in  which  this  fieUl  has  produced  corn  the  nuu-iate  of  potash  has, 
whether  singly  or  in  combination,  proved  much  more  useful  than 
either  of  the  other  fertilizers  used.  There  is  much  evidence  in  the 
behavior  of  the  crops  this  year,  during  the  growing  season,  and  in 
the  results,  that  this  salt  is  proving  injurious  in  its  chemical  effect 
upon  the  soil.  I  believe  this  effect  to  be  a  loss  of  lime  in  the  form 
of  chloride  by  leaching,  but  cannot  regard  this  as  yet  proven.  I 
will  present  the  facts  apparently  bearing  upon  the  case,  and  leave 
full  discussion  to  a  later  report. 

1.  During  the  early  part  of  the  growing  season  the  corn  upon 
all  the  plots  which  had  received  muriate  of  potash  was  distinctly 
behind  that  upon  other  plots. 

2.  As  the  season  advanced,  the  corn  upon  these  plots  gradu- 
ally lost  its  sickly  appearance,  gained  upon  that  in  the  other  plots, 
eventually  excelling,  in  the  case  of  the  plot  receiving  nitrogen, 
phosphoric  acid  and  potash,  that  in  all  other  plots  except  the 
manure  plot. 

3.  This  unhealthy  appearance  of  the  corn  early  in  the  season, 
followed  by  great  improvement  later,  is  analogous  to  effects  noticed 
in  other  experiments,*  where  chlorides  have  been  used,  and  where 
liming  the  land  has  remedied  the  faulty  condition. 

4.  On  that  plot  receiving  dissolved  bone-black  as  well  as  nmri- 
ate  of  potash,  the  crop  was  in  the  end  a  good  one.  As  is  well 
known,  the  dissolved  bone-black  contains  a  large  amount  of  sul- 
fate of  lime.  It  is  believed  that  this  may  take  the  place  of  the 
lime  leached  from  the  soil  as  a  consequence  of  the  use  of  muriate 
of  potash,  or  at  least  that  it  corrects  in  some  way  the  faulty  con- 
dition consequent  upon  the  use  of  this  salt.  It  may  here  be  pointed 
out  that  a  similar  corrective  influence  is  evident  in  the  results  ob- 
tained both  in  1897  and  1898  upon  our  other  soil  test  acre,  which 
will  immediately  be  discussed. 

It  is  of  interest,  further,  to  point  out  that  the  crop  this  year  upon 
the  lime  plot  was  not  quite  equal  to  the  average  of  the  nothing 
plots,  while  that  of  the  plaster  plot  (sulfate  of  lime)  was  about 
double  that  of  the  lime  plot.  In  the  earlier  years  of  this  soil  test 
the  yield  of  neither  the  lime  nor  the  plaster  plot  ever  exceeded  that 
of  the  nothings,  but  for  the  past  three  years  the  plaster  plot  has 
been  relatively  gaining.  The  explanation  of  this  difference  between 
the  effect  of  plaster  and  lime  is  not  apparent.  It  will  be  made  the 
subject  of  future  study.   .   .   . 

The   problems  suggested    by  the  results  of    the  year  must  be 


♦  For  example,  Plot  6,  Field  A.    See  report  State  Experiment  Station  for 
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regarded  as  the  most  valuable  product  of  this  experiment.  These 
problems  are  not  solved.  Their  solution  will  throw  important  light 
upon  methods  to  be  employed  in  compounding  and  selecting  fer- 
tilizers. 

Conclusions  (based  upon  Results  in  1 899) . 

1.  By  reference  now  to  the  table  showing  the  yields  for 
1899,  it  will  be  seen  that  what  last  year  was  merely  a  sus- 
picion, supported,  it  is  true,  by  incidental  observations  in 
connection  with  other  experiments,  is  apparently  confirmed 
by  the  results  of  this  year  after  liming,  viz.  :  tJiat  last  year 
the  application  of  potash  failed  to  prove  beneficial  as  in  the 
earlier  years  when  corn  was  grown,  because  its  continued  use 
in  the  form  of  muriate  had  resulted  in  depleting  the  soil  of  its 
lime. 

It  should  be  noticed  that  I  say  "  apparently  confirmed." 
I  would  point  out  that  the  results  of  this  experiment  by 
themselves  do  not  furnish  absolute  proof,  for  its  plan  is  such 
that  it  does  not  enable  us  to  decide  that  the  superior  results 
of  the  past  season  may  not  have  been  due  to  the  fact  that 
the  lime  proved  beneficial  through  indirect  effects  which 
might  have  been  exerted  equally  well  by  some  other  alkali, 
such  as  an  alkaline  salt  of  soda  or  of  magnesia.  To  deter- 
mine this  point,  two  series  of  pot  experiments  with  soil  from 
two  plots  in  this  field  have  been  carried  out.  In  these,  be- 
sides slaked  lime,  we  have  employed  land  plaster  (sulfate  of 
lime),  carbonate  and  sulfate  of  magnesia,  and  bicarbonate 
and  sulfate  of  soda.  The  results  are  not  fully  worked  up, 
but  they  decisively  indicate  :  («)  That  the  benefit  from  the 
use  of  lime  was  not  due  to  the  fact  that  it  corrected  soil  acidity. 
(Sulfate  of  lime,  a  neutral  salt,  produced  a  better  growth 
than  slaked  lime,  while  neither  the  carbonate  of  magnesia 
nor  the  carbonate  of  soda  proved  distinctly  beneficial ;  the 
latter,  indeed,  was  highly  injurious.)  (6)  That  it  was  not 
due  to  indirect  action  of  any  other  sort.  (Substances  exer- 
cising similar  chemical  and  physical  influence  upon  the  soil 
did  not  prove  equally  beneficial  with  the  plaster  or  the  slaked 
lime.) 

2.  The  yield  of  each  of  the  plots  which  has  been  manured 
with  muriate  of  potash  is  largely  increased.     Alone  and  in 
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every  combination  it  proves  highly  beneficial.  That  this 
soil  after  eleven  years'  continnons  application  of  muriate  of 
potash  at  the  rate  of  160 pounds  p>er  acre  annually  should  be 
capable  after  liming  of  producing  corn  at  the  rate  of  49.75 
bushels  of  shelled  grain  per  acre,  is  astonishing. 

3.  The  crop,  amounting  to  almost  60  Imshels  shelled  corn 
per  acre,  on  the  plot  which  now  for  eleven  years  has  yearly 
received  only  dissolved  bone-black  and  muriate  of  potash 
(lime  this  year  of  course  excepted)  and  which  in  this  long 
period  of  time  has  received  no  addition  of  nitrogen  in  the 
form  of  manure  or  fertilizers,  illustrates  the  remarkable  ex- 
tent to  which,  in  our  climate,  the  corn  plant  can  thrive  upon 
the  natural  stores  of  this  element  in  the  soil  and  that  which 
it  accumulates  as  a  result  of  the  introduction  of  clover  into 
the  rotation. 

4.  It  will  l)e  noticed  that  where  the  elements  nitrogen, 
phosphoric  acid  and  potash  have  been  yearly  supplied,  the 
crop  this  year,  amounting  to  about  73  bushels  per  acre,  is 
within  three  l)ushels  of  that  produced  where  manure  at  the 
rate  of  5  cords  per  acre  has  been  annually  applied.  The 
fertilizers  used  (nitrate  of  soda,  160  pounds ;  dissolved 
1)one-black,  320  pounds  ;  and  muriate  of  potash,  160  pounds 
per  acre)  cost  about  $10 ;  while  the  manure,  if  purchased, 
would  cost  $25  at  least  in  most  parts  of  the  State.  It  should 
be  pointed  out,  however,  that  this  soil  has  almost  perfect 
physical  characteristics.  On  the  one  hand,  its  perfect:  drain- 
asre  insures  freedom  from  excessive  moisture  even  in  wet 
seasons ;  and,  on  the  other,  the  happy  mean  existing  in  the 
proportion  of  fine  and  coarse  particles  insures  good  water- 
conducting  power  (capillarity),  and  thus  prevents  injury 
from  drought  and  injurious  crust  formation.  In  such  a  soil 
the  organic  matter  furnished  by  manure  is  far  less  necessary 
than  in  those  which  are  either  more  sandy  or  more  clayey. 
For  these  reasons,  fertilizers  have  doubtless  made  a  more 
favorable  showing  as  compared  with  manure  than  would 
usually  be  the  case.  The  table  shows  the  relative  standing 
of  the  two  plots,  7  (mamire)  and  14  (complete  fertilizer), 
for  the  entire  period  of  eleven  years.  It  will  be  seen  that 
the  financial  outcome  where  the  fertilizer  has  l)een  used  is 
much  l)etter  than  for  the  plot  receiving  manure. 
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Increases  as  compared  with  Plot  receiving  no  Mamire. 
Produced  by  Comj^lele  Fertilizer,  1889-99. 


CROP. 

Number 
Years 
grown. 

Bushels. 

Pounds. 

Value  of 
Increase. 

Cost  of 
Fertilizers. 

Corn 

Oats 

Rye 

Boy  beans, 

Grass, 

Mustard 

5 
1 

1 
1 
2 
1 

198.05 
15.63 
15.36 

stover,    12,4T5 
straw,      1,720 

straw,      2,480 

\  beans,         880 
)  straw,         840  ( 
\  hay,          3,420 
/  rowen,     1,360 

5,100 

$107  29 
14  70 
12  10 
4  61 
37  56 

$48  00 
9  60 
9  60 
9  60 
19  20 
19  20* 

$176  20 

$115  20 

Corn, 
Oats, 
Rye, 

Soy  beans. 
Grass,    . 
Mustard, 


Produced  by  Manure,  1889-99. 


5 

216.08 

1 

18.13 

1 

21.07 

1 

- 

2 

- 

1 

~ 

stover,    13,990 
straw,      3,260 


straw, 

beans, 
straw, 
hay, 
rowen. 


3,200 

1,520  ( 
3,880  I 
4,860  I 
3,460  ' 

8,500 


$117  79 
22  11 
31  84 
77  26 
64  27 


$313  27 


$125  00 
25  00 
25  00 
25  00 
50  00 
50  00* 


$300  00 


♦  Double  application  of  fertilizers  and  manure  for  mustard. 


Soil  Test  with  Onions.  Amherst. 
This  experiment  occupied  a  field  which  has  been  employed 
in  work  of  this  kind  for  ten  years,  the  several  plots  having 
been  every  year  manured  alike,  as  described  under  the  "  Soil 
test  with  corn."  The  previous  crops  in  the  order  of  rotation 
have  been  :  potatoes,  corn,  soy  beans,  oats,  grass  and  clover, 
grass  and  clover,  cabbages  and  ruta-baga  turnips,  potatoes 
and  onions.  The  land  was  ploughed  in  the  fall  of  1898  and 
reploughed  early  this  past  spring.  Fertilizers  were  em- 
ployed this  year  in  the  same  quantities  as  last,  viz.,  nitrate 
of  soda  at  the  rate  of  320  pounds  ;  dissolved  bone-black,  640 
pounds  ;  and  muriate  of  potash,  320  pounds,  per  acre.  These 
fertilizers  are  each  used  upon  one  plot  singly,  in  pairs,  and 
upon  one  plot  all  three  together.  The  west  half  of  each 
plot  was  limed,  as  has  been  stated,  at  the  rate  of  1  ton  per 
acre. 
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The  seed  was  sown  in  th&  customary  manner,  but  more 
thickly,  on  April  28.  Germination  was  prompt  and  per- 
fect. 

The  development  upon  the  several  plots  and  upon  the 
unlimed  and  limed  sections  of  all  the  plots  exhibited  the 
most  remarkable  differences. 

1.  Many  of  the  plants  upon  the  nothing  plots  soon  died, 
and  those  remaining  made  practically  no  growth.  The  limed 
halves  of  these  plots  throughout  the  first  half  of  the  season 
were  even  worse  in  these  respects  than  the  unlimed. 

2.  The  application  of  no  single  element  without  lime 
gave  a  good  growth  ;  but  the  plants  upon  the  dissolved 
bone-black  (without  lime)  did  best.  With  lime  the  growth 
was  more  feeble  than  without  it  on  the  dissolved  bone-black 
plot.  On  the  plot  on  which  muriate  of -potash  was  used 
without  lime  most  of  the  plants  soon  died,  while  on  this 
fertilizer  alone  and  lime  there  was  a  rank  growth,  though 
few  ripe  bulbs  were  harvested.  Nitrate  of  soda  with  lime 
gave  better  growth  than  without,  but  both  with  and  without 
growth  was  very  feeble. 

3.  On  nitrate  of  soda  and  muriate  of  potash  without 
lime  almost  all  plants  died  ;  with  lime  there  was  a  rank 
growth  ;  but  the  bulbs  did  not  ripen  well. 

4.  On  nitrate  of  soda  and  dissolved  bone-black  without 
lime  was  the  best  growth  on  the  unlimed  portion  of  the 
field.  As  last  year,  the  development  upon  these  two  fertil- 
izers alone  was  much  better  than  on  the  plot  where  they 
were  employed  in  the  same  amounts  with  muriate  of  pot- 
ash. The  growth  upon  the  limed  portion  of  the  plot  receiv- 
ing the  nitrate  and  bone-black  was  not  materially  improved, 
while  where  the  muriate  of  potash  was  used  with  these  fer- 
tilizers liming  influenced  the  growth  most  favorably. 

5.  Liming  proved  highly  fiivorable  on  the  plot  where 
dissolved  bone-black  and  muriate  of  potash  were  used,  this 
portion  of  that  plot  ranking  third  in  the  field  in  appearance 
throughout  the  season,  while  there  was  little  growth  upon 
the  unlimed  portion. 
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The  Effect  of  the  Fertilizers. 
The  tables  give  the  results  of  the  harvest :  — 

North  Acre  Soil   Test,   Onions,  1809. 


Plots. 


Plot  1 
Plot  2 
Plot  3 
Plot  4 
Plot  5 
Plot  6 
Plot  7 
Plot  8 
Plot  9 
Plot  10 
Plot  11 
Plot  12 


MANURING. 


Nothing, 
Nitrate  of  soda,   . 
Dissolved  bone-black. 
Nothing, 
Muriate  of  potash, 


Nitrate  of  soda   and  dissolved 

bone-black. 
Nitrate  of  soda  and  muriate  of 

potash. 
Nothing, 

Dissolved  bone-black  and  muri- 
ate of  potash. 

Nitrate  of  soda,  dissolved  bone- 
black  and  muriate  of  potash. 

Plaster, 


Results  in  Pounds,  including  Tops. 


YIELD   PER  ACBE. 


Unlimed.  I    Limed. 


Nothing, 


2,950 

3,180 

4,470 

9,700 

2,950 

2,570 

6,440 

6,520 

3,270 

24,740 

17,410 

17,380 

1,440 

25,030 

3,800 

5,530 

11,090 

19,510 

13,770 

22,730 

1,650 

1,610 

2,240 

6,190 

GAIN  OR  LOSS  COMPARED 

WITH  NOTHINGS, 

PER  ACBE. 


356.67 

—2,323.33 

—2,510 
12,290 

—  3,020 

7,680 
10,750 

—  1,080 


5,046.67 

—  2,836.67 

18,467.50 

11,355 

19,252.50 

13,815 
16,870 

—  4,415 


Xorth  Acre  Soil   Test,   Onions,  1899. 


Results  in  Bushels  op  52  Pounds  op 

FAIRLY  CUBED   OnIONS. 

GAIN  OR  LOSS  COMPARED 

Plots. 

MANURING. 

YIELD  PER  Acre. 

WITH  NOTHINGS, 
PER  ACBE. 

Unlimed. 

Limed. 

Unlimed. 

Limed. 

Plot   1, 

Nothing, 

2.69 

4.42 

- 

- 

Plot  2, 

Nitrate  of  soda 

18.65 

91.43 

15.13 

79.77 

Plot  3, 

Dissolved  bone  black, 

6.53 

12.31 

2.17 

—  6.60 

Plot   4, 

Nothing, 

5.19 

26.15 

- 

- 

Plot   5, 

Muriate  of  potash. 

3.07 

161.75 

—  1.54 

137.90 

Plot   6, 
Plot   7, 
Plot   8, 

Nitrate  of  soda  and  dissolved 

bone-black. 
Nitrate  of  soda  and  muriate  of 

potash. 
Nothing 

143.10 
3.07 

2.88 

200.00 
145.40 
16.93 

139.06 
—  .39 

178.46 
121.55 

Plot  9, 
Plot  10, 
Plot  11, 

Dissolved  bone-black  and  muri- 
ate of  potash. 

Nitrate  of  soda,  dissolved  bone 
black  and  muriate  of  potash. 

Plaster 

40.38 

46.15 

4.04 

183.88 

224.60 

6.35 

37.21 

42.69 

.29 

163.50 

200.94 

—20.68 

Plot  12, 

Nothing, 

4.04 

30.39 

- 

- 
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The  Results  and  Conclusions  based  (hereon  in  1898. 
In  1898  also  the  crop  upon  this  field  was  onions,  and  it  is 
desirable  to  present  the  leading  statements  and  conclusions 
published  that  year  for  the  purpose  of  comparison.  The 
manuring  was  the  same  as  this  year,  save  that  no  lime  was 
used.     I  quote  from  my  last  annual  report :  — 

The  results  show  that  this  [phosphoric  acid, — dissolved  bone- 
black]  more  than  either  the  nitrogen  or  the  potash  supply  controlled 
the  product.  The  crop  was  very  light,  however,  even  upon  the 
best  plot,  which  was  at  the  rate  of  116.9  bushels  per  acre,  upon 
the  plot  receiving  nitrate  of  soda  and  dissolved  bone-black.  Upon 
the  plots  receiving  these  two  fertilizers  and  muriate  of  potash  the 
crop  amounted  to  only  16.3  bushels  per  acre.  Here  is  strong 
evidence  that  the  muriate  of  potash  has  produced  in  the  soil  of 
this  field  conditions  absolutely  prejudicial  to  the  growth  of  the 
onion. 

Last  3-ear  this  field  was  in  potatoes  under  the  same  sj'steni  of 
manuring,  but  with  half  the  quantities  employed  this  year.  The 
crop  of  potatoes  on  the  nitrate  and  bone-black  was  much  heavier 
than  on  these  two  and  potash,  and  in  commenting  upon  this  fact 
in  my  annual  report  I  wrote  :  "The  apparent  superiority  of  the 
phosphoric  acid  and  nitrogen  is  chiefly  due  to  the  fact  that  the  plot 
to  which  these  two  elements  alone  were  applied  was  for  some  reason 
(not  believed  to  be  the  effect  of  the  fertilizer  alone)  nearly  twice 
as  great  as  that  upon  any  other  plot.  Had  the  crop  where  the 
potash  was  added  to  the  nitrogen  and  phosphoric  acid  been  better 
or  even  as  good  as  that  where  the  phosphoric  acid  and  nitrogen 
alone  were  used,  we  should  be  justified  in  the  conclusion  that  nitro- 
gen and  phosphoric  acid  are  the  elements  chiefly  required.  The 
crop  where  all  three  elements  were  combined  was,  however,  much 
inferior  to  that  where  the  nitrogen  and  phosphoric  acid  were  used 
without  potash.  "We  must,  therefore,  conclude  that  some  disturb- 
ing factor,  at  present  unknown,  influenced  the  results." 

In  view  of  the  similar  relative  results  upon  the  two  plots  under 
discussion  this  year,  I  am  now  forced  to  conclude  that  I  was  mis- 
taken last  year  in  supposing  that  the  superiority  of  the  plot  receiv- 
ing nitrogen  and  phosphoric  acid  only  was  not  "  the  effect  of  the 
fertilizer  alone." 

I  now  believe  that  tlie  muriate  of  potash  has  i)roved  actuallv  in- 
jurious to  the  last  two  crops,  and  that  the  explanation  (tlio  loss  of 
lime  which  it  causes)  already  suggested  accounts  for  this  effect. 
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Conclusions  {based  upon  Results  in  1899). 

1.  A  study  of  the  tables  giving  the  results  of  this  year 
afibrds  convincing  presumptive  evidence  that  the  continued 
use  of  muriate  of  potash  has  so  depleted  this  soil  of  lime  that 
its  use  for  the  onion  crop  is  a  necessity.  The  suspicion  of 
last  year,  just  quoted,  is  apparently  confirmed.  The  results 
obtained  in  two  series  of  pot  experiments  (not  yet  fully 
worked  up),  in  which  soil  from  two  plots  in  this  field  was 
used,  force  me,  however,  to  look  upon  this  conclusion  as  in 
a  measure  tentative  ;  for  in  the  pot  experiments  other  alkalies 
proved  almost,  if  not  quite,  as  beneficial  as  lime,  indicating 
that  the  presence  of  free  acid  in  the  soil  may  have  been  the 
cause  of  the  poor  growth  upon  most  of  the  plots  of  this  field. 
Even  this  conclusion  cannot,  however,  be  looked  upon  as 
final,  for  the  substitution  of  sulfate  for  the  muriate  of  potash 
in  the  pots  resulted  in  good  growth  without  the  addition  of 
any  alkali.  A  full  discussion  of  the  subject  is  reserved  for 
some  future  article. 

2.  We  are  meanwhile  justified  in  the  statement  that  both 
field  and  pot  experiments  show  that  the  muriate  is  an  un- 
desirable form  in  which  to  apply  potash  for  this  crop,  though 
the  bad  influence  of  the  chlorine  which  it  contains  may  pos- 
sibly be  neutralized  by  application  of  lime.* 

3.  The  remarks  of  last  year  may  in  conclusion  be  appro- 
priately quoted :  — 

The  Proper  Course  as  regards  Potash  Supply. 
Wbat,  then,  in  view  of  our  results,  are  we  to  recommend? 
Clearly  not  to  cease  using  potash,  —  we  have  been  unable  to  raise 
good  crops  without  it.  It  is  believed  the  remedy  will  be  found  in 
one  of  three  dii-ections,  viz.,  (1)  the  occasional  liberal  use  of  lime 
where  muriate  of  potash  is  employed  ;  (2)  the  use  of  other  potash 
salts,  such  as  carbonate  or  sulfate  ;  or  (3)  the  employment  of  wood 
ashes  as  a  source  of  potash.  Should  potash  be  supplied  in  the 
form  of  either  carbonate  or  sulfate,  lime  leaches  from  the  soil  much 
less  rapidly ;  the  same  is  true  of  ashes,  and  these,  moreover,  sup- 

*  It  is  believed  that  the  influence  of  the  lime  will  be  even  more  marked  another 
year.  It  was  applied,  it  will  be  remembered,  this  spring.  Its  action,  as  was  antici- 
pated, was  not  sufficiently  prompt  to  prevent  much  injury  to  the  onions,  because  of 
faulty  soil  conditions  in  the  early  part  of  the  season.  We  have  accordingly  failed 
to  produce  a  good  yield  on  any  plot  this  year. 
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ply  much  lime.  This  entire  question,  however,  demands  further 
experimental  study,  and  I  am  not  at  present  prepared  to  give 
definite  advice  upon  this  point. 

Manure  Alone  v.  Manure  and  Potash, 
An  experiment  in  continued  corn  culture  for  the  compari- 
son of  an  average  application  of  manure  with  a  smaller  ap- 
plication of  manure  used  in  connection  with  muriate  of  potash 
was  begun  in  1890.  A  full  account  will  be  found  in  the 
annual  reports  of  1890-96,  and  in  1895  a  general  summary 
of  the  results  up  to  that  date  was  given. 

The  land  used  in  this  experiment  was  seeded  with  a  mix- 
ture of  timothy,  red-top  and  clover  in  the  standing  corn  of 
1896.  A  good  stand  of  grass  and  clover  was  secured,  al- 
though the  latter  was  rather  unevenly  developed  in  different 
parts  of  the  field,  suggesting  a  possible  lack  of  thoroughness 
in  mixing  the  seeds. 

No  manure  or  potash  was  used  in  1897.  The  field  was 
kept  in  grass  two  years,  and  was  manured  as  usual  in  1898. 
It  includes  four  plots,  of  one-fourth  an  acre  each.  The  aver- 
age results  while  in  grass  are  shown  below  :  — 

Plots  1  and  3  (manure  alone,  fi  cords  per  acre,  1890-96)  :  per 
acre,  hay,  o,6G2  pounds  ;  rowen,  3,218  pounds. 

Plots  2  and  4  (manure,  3  cords  per  acre,  1890-92  ;  4  cords, 
1893-90;  and  potash,  160  pounds  per  acre)  :  per  acre,  hay,  4,540 
pounds;  rowen,  2,633  pounds. 

The  sod  was  turned  in  the  autumn  of  1898  and  was  ma- 
nured this  spring,  as  shown  below  :  — 

Plot  1,  manure,  1^  cord;  weight,  8,825  pounds, 
p,   ,  o    f  manure,  1  cord;  weight,  5,880  pounds. 

'  (  high-grade  sulfate  of  potash,  40  pounds. 
Plot  3,  manure,  1^  cord  ;  weight,  8,840  pounds, 
p,   .    ,    j  manure,  1  cord ;  weight,  5,880  pounds. 

'  1  high-grade  sulfate  of  potash,  40  pounds. 

The  crop  this  year  has  been  corn  (Sibley's  Pride  of  the 
North),  and  its  development  appears  to  have  been  normal 
in  all  respects.     The  crop  was  a  heavy  one  on  all  plots. 
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Yield  per  Plot. 


PLOTS. 

Ears 
(Pounds). 

Stover 
(Pounds). 

Plot  1, 

1,331 

1,260 

Plot  2, 

1,331 

1,160 

Plot  3, 

1,341 

1,170 

Plot  4, 

1,355 

1,110 

Average   Yield  per  Acre. 


PLOTS. 

Shelled  Grain 
(Bushels). 

Stover 
(Pounds). 

Plots  1  and  3  (manure  alone) 

Plots  2  and  4  (manure  and  potash), 

66.8 
67.2 

4,860 
4,540 

It  will  be  noticed  that  the  crops  are  of  practically  equal 
value,  —  a  little  more  grain  on  the  manure  and  potash  and 
a  little  more  stover  on  the  larger  quantity  of  manure  alone. 
The  manure  and  potash  used  cost  per  acre  nearly  $7  less  than 
the  larger  amount  of  manure  used  alone. 

We  have  now  grown  seven  corn  crops  on  this  field,  and 
the  average  yields  are  at  the  rate  per  acre  for  the  two 
manurings  :  — 

Average  of  Seven  Crojjs. 


PLOTS. 

Shelled  Grain 
(Bushels). 

Stover 
(Pounds). 

Manure  alone, 

Lesser  manure  and  potash, 

61.5 

56.7 

4,562 
4,168 

At  prices  which  have  prevailed  during  the  period  covered 
by  this  experiment  the  total  manurial  application  where  the 
manure  and  potash  have  been  used  has  cost  at  the  rate  of 
$75  per  acre  less  than  on  the  other  plots.  The  manure 
alone,  however,  has  produced  yields  excelling  the  lesser 
manure  and  potash  for  the  entire  period  at  rates  per  acre 
amounting   to:    shelled    corn,    33.6  bushels;   corn  stover, 


1900. J 


PUBLIC   DOCUMENT  — No.  33. 


23 


2,758  pounds  ;  hay,  2,244  pounds  ;  and  rowen,  1,170  pounds. 
These  products  would  have  been  worth  $40.50.  In  using 
the  large  amount  of  manure  alone,  then,  one  would  in  effect, 
allowing  the  manure  to  cost  $5  per  cord  on  the  land,  have 
expended  $75  for  products  worth  but  little  more  than  one- 
half  that  sum. 

When,  further,  we  note  that  at  present  the  lesser  manure 
and  potash  is  producing  the  larger  crop  of  grain,  the  superior 
economy  of  the  system  is  evident. 

"Special"   Corn    Fertilizer   v.    Fertilizer    richer   in 

Potash. 

This  experiment  w^as  begun  with  a  view  to  comparing  the 
results  obtained  w^ith  a  fertilizer  proportioned  like  the  aver- 
age ^^  special"  corn  fertilizers  found  upon  the  markets  in 
1891  with  those  obtained  with  a  fertilizer  richer  in  potash, 
but  furnishing  less  nitrogen  and  phosphoric  acid. 

Corn  was  grown  during  each  of  the  years  from  1891  to 
1896  inclusive.  From  1891  to  1895  it  was  found  that  the 
fertilizer  richer  in  potash  gave  the  more  profitable  results. 
In  1896  there  was  no  practical  difference.  It  was  decided 
during  the  season  of  1896  that  it  might  be  possible  to  derive 
a  greater  benefit  from  the  larger  quantity  of  potash  applied 
to  two  of  the  four  plots,  if  grass  and  clover  should  be  grown 
in  rotation  with  the  corn.  Accordingly  the  land  was  seeded 
with  a  mixture  of  timothy,  red-top  and  clover  in  the  stand- 
ing corn  in  July,  1896.  The  field  is  divided  into  four  plots, 
of  one-fourth  of  an  acre  each.  The  materials  supplied  to 
the  several  plots  are  shown  in  the  following  table  :  — 


fertilizers. 


Plots  1  and  3        Plots  2  and  4 
(Pounds  Each).  (Pounds  Each). 


Nitrate  of  soda, 

Dried  blood,     . 

Dry  ground  fish, 

Plain  superphosphate,    . 

Muriate  of  potash,   . 

Coat  of  materialB  per  plot. 


20.0 

18.0 

30.0 

30.0 

30.0 

20.0 

226.0 

120.0 

22.5 

60.0 

$3  23 

$3  10 
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The  field  was  kept  iu  grass  for  two  years,  the  average 
yields  being  at  the  rates  per  acre  :  "  Special "  fertilizer  :  hay, 
2,730  pounds;  rowen,  1,122;  fertilizer  richer  in  potash: 
hay,  2,557.5  pounds  ;  rowen,  1,149  pounds.  The  "  special," 
it  will  be  seen,  gave  yearly  172.5  pounds  more  hay  but  27 
pounds  less  rowen  than  the  other  fertilizer.  The  larger 
nitrogen  application  accounts  for  the  excess  in  hay  ;  the  lar- 
ger potash  application  to  the  other  plot  produces  the  more 
rowen.  The  stand  of  clover  in  the  field  was  poor.  It  is 
believed  that,  had  it  been  good,  the  differences  in  yield  of 
rowen  in  favor  of  the  fertilizer  richer  in  potash  would  have 
been  larger. 

The  sod  was  ploughed  in  the  autumn  of  last  year,  fertili- 
zers as  usual  applied  and  wheel-harrowed  in  this  spring. 
The  crop  this  year  was  corn,  which  made  perfectly  normal 
and  good  growth  on  all  plots  and  gave  a  good  yield. 


Yield  of  Corn,  1899. 


PLOTS. 


Eare 
(Pounds). 


Stover 
(Pounds). 


Plot  1  (lesser  potash) ,  . 
Plot  2  (richer  in  potash), 
Plot  3  (lesser  potash),  . 
Plot  4  (richer  in  potash). 


1,257.5 
1,141.0 
1,168.5 
1,200.5 


1,090 
1,140 
1,120 
1,120 


Average  Rates  per  Acre. 

PLOTS. 

Shelled  Grain 
(Bushels). 

Stover 
(Pounds). 

Plots  1  and  3 

Plots  2  and  4, 

60.7 
58.5 

4,420 
4,520 

The  crops  this  year  are  almost  equal, — the  "special" 
giving  a  little  more  than  2  bushels  more  grain  ;  the  fertilizer, 
richer  in  potash,  100  pounds  more  stover.  The  former  gives 
somewhat  the  more  valuable  and  the  more  profitable  crop. 
The  advantage,  however,  is  insignificant,  amounting  to  only 
25  cents  per  acre. 
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The  experiment  has  now  been  in  progress  nine  years,  and 
during  seven  of  these  years  corn  has  been  grown  ;  on  all 
plots  five  years  and  on  two  only  of  the  plots  two  years. 
The  averages  for  the  seven  years  are  given  in  the  table  :  — 


Average 

Yield 

Corn, 

Seve 

I  Years. 

'  Shelled  Grain 
(Bushels 
per  Acre). 

Stover 
(PoundB  per 

Acre). 

"  Special "  fertilizer 

Fertilizer  richer  in  potash, 

57.95 
50.41 

3,760 
4,033 

During  two  years  one-half  this  field  was  occupied  by 
Japanese  millet  (^Panicmn  Italicum).  The  average  yields 
per  year  are  shown  in  the  table  :  — 


Averages, 

Millet, 

Two 

Years. 

Millet  Seed 
(Bushels 
per  Acre). 

Straw 

(Pounds  per 

Acre). 

"  Special "  fertilizer, 

Fertilizer  richer  in  potaeh 

63.15 
66.55 

3,522 
3,735 

It  will  be  seen,  then,  that  thus  far  the  two  systems  of 
manuring  stand  nearly  upon  an  equality.  The  fertilizer 
poorer  in  potash  ("special")  has  given  the  more  corn  and 
the  more  hay.  The  other  fertilizer,  richer  in  potash,  has 
given  the  more  corn  stover,  rowen,  millet  seed  and  millet 
straw.  At  present  the  two  stand  practically  equal,  as  shown 
by  the  corn  crop  of  the  past  season.  It  is  believed  that  by 
the  frequent  introduction  of  clover  (of  which  we  have  not 
yet  had  a  good  catch)  the  fertilizer  richer  in  potash  will 
prove  superior  to  the  other. 


Sulfate  compared  with  Muriate  of  Potash  for 
Various  Crops.     (Field  B.) 
This  experiment  has  been  in  progress  in  its  present  essen- 
tial features  since  1893.     From  1884  to  1889  the  odd  num- 
bered plots,  11  to  21,  were  manured  yearly  at  the  rate  of 
200  pounds  per  acre  of  muriate  of  potash,  while  the  even 
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numbered  plots  received  no  potash.  From  1889  to  1892  all 
plots  were  manured  alike.  Since  1892  each  plot  has  re- 
ceived yearly  bone  meal  at  the  rate  of  600  pounds  per  acre, 
the  odd  numbered  plots  muriate  of  potash  at  the  rate  of 
400  pounds,  and  the  even  numbered  plots  high-grade  sul- 
fate of  potash  at  the  same  rate  per  acre.  There  are  eleven 
plots,  numbered  11  to  21.  These  plots  have  been  used  for 
a  wide  variety  of  crops  during  the  seven  years  that  the 
experiment  has  been  continued.  The  crops  during  the  past 
year  have  been  sugar  beets,  sweet  corn,  cabbages,  field  corn 
and  soy  beans. 

Sugar  Beets  (^Sulfate  v.  Muriate  of  Potash). 
Sugar  beets  of  four  varieties  occupied  plots  15  and  16. 
The  yield  on  15  (muriate  of  potash)  amounted  to  3,815 
pounds  (14.3  tons)  per  acre;  the  yield  on  16  (sulfate  of 
potash)  amounted  to  3,708  pounds  (13.9  tons)  per  acre. 
Each  variety  was  sampled  and  the  value  of  the  beets  for 
sugar  manufacture  determined.  With  one  exception  the 
beets  grown  on  the  sulfate  of  potash  showed  considerably 
higher  percentages  of  sugar  and  a  juice  of  a  higher  degree 
of  purity  than  those  grown  on  the  muriate.  Though  the 
latter  gave  a  slightly  higher  yield,  the  sulfate  produced 
more  sugar  and  a  juice  offering  less  difficulties  in  manufact- 
ure. In  the  case  of  the  one  variety  Avhere  the  muriate  gave 
the  richer  beet,  it  is  believed  that  this  was  due  to  the  fact 
that  the  sulfate  beets  selected  for  analysis  were  consider- 
ably larger  than  the  others.  The  differences  in  quality  be- 
tween the  beets  grown  on  the  two  salts  were  not  sufiiciently 
great  to  materially  affect  their  value  for  stock  feeding. 

Siveet  Oorn  (^Sulfate  v.  Muriate  of  Potash). 
This  crop  (Moore's  Concord)  occupied  plots  11  and  12. 
Our  objects  were  :  first,  to  study  the  effect  of  the  two  forms 
of  potash  on  yield  ;  second,  to  determine  whether  there  was 
any  difference  in  quality  between  the  product  of  the  two 
plots  which  would  affect  its  value  for  the  table  ;  and,  third, 
to  determine  whether  there  was  any  well-defined  difference 
in  composition  of  the  entire  plant  (stalk  and  ear)  which 
would  affect  the  value  for  stock  feeding. 
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1.     Product.  — The  details  coacerning  product  are  shown 
in  the  table  :  — 

Siveet  Corn. 


Weight  of 
Entire  Crop 
(Pounds). 

Number  op  Ears. 

Total  Ears 
(Pounds). 

Weight  of 

Large. 

Small. 

Stover 
(Pounds). 

Muriate  of  potash, 

Sulfate  of  potash, 

4,965 
4,965 

1,411 

1,574 

335 

377 

929.69 
1,034.36 

4,035.31 

3,930.64 

In  the  judgment  of  the  men  handling  the  crop,  the  plants 
stood  slightly  thicker  on  plot  12  than  on  ph)t  11,  and  it  is 
likely  that  this  accounts  in  large  measure,  if  not  entirely,  for 
the  greater  number  of  ears  on  plot  12,  It  will  ])e  noticed 
that  the  total  product  was  the  same  on  the  two  plots. 

2.  Quality  for  Table  Use. — Chemical  examination  of 
kernels  of  corn  from  the  two  plots  showed  no  difference 
which  can  be  regarded  as  significant ;  in  fact,  the  differences 
are  probably  within  the  limits  of  error.  It  therefore  appears 
that  the  chlorine  of  muriate  did  not  exert  the  depressing 
effect  on  sugar  formation  that  is  often  noticed  with  other 
crops. 

3.  The  Food  Value  of  the  Entire  Plant. — Analyses  of 
the  product  of  the  two  plots  revealed  no  differences  in  com- 
position which  would  materially  affect  the  feeding  value. 


Field  Corn  {Eureka  for  the  Silo)    {Sulfate  v.  Muriate  of 

Potash). 

This  crop  occupied  plots  19  and  20,  and  on  both  made  a 
fine  growth,  averaging  15  feet  in  height.  The  ears  were 
small  and  in  the  milk  when  the  crop  was  ensiled,  September 
28.  The  yields  (<)l)tained  by  weighing  after  partial  wilting) 
were :  — 

Muriate  plot,  6,14o  pounds,  nt  rate  of  23  tons  per  acre. 
Sulfate  plot,  5,675  pounds,  at  rate  of  21.2  tons  per  acre. 

Feeding  Value.  —  The  crop  from  l)()th  plots  was  sampled 
for  analysis.  The  results  showed  no  important  differences 
in    the    feeding    value  of    the    product    on    the   two    salts. 
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Maercker  *  has  quoted  Moser  to  the  effect  that  corn  raised 
on  muriate  of  potash  contains  more  protein,  and  therefore 
has  a  higher  food  value,  than  when  grown  on  sulfate.  Three 
experiments  here,  one  in  1898  and  the  two  this  year,  have 
not  shown  this  to  be  the  case.  It  would  appear  that  the 
muriate  of  potash  is  equally  as  good  for  the  corn  crop  as 
the  sulfate. 

Soy  Beans  {Sulfate  v.  Muriate  of  Potash). 
Through  accident  the  product  of  the  soy  bean  plots  was 
mixed ;  and  I  can  only  report  that  during  the  early  part  of 
the  season  the  beans  on  the  sulfate  appeared  much  better 
than  the  others.  Later  this  apparent  superiority  was  lost 
in  large  measure,  as  judged  after  careful  examination. 


Cabbages  (^Sulfate  v.  Muriate  of  Potash). 
This  crop  (Warren  cabbage)  occupied  plots  13  and  14. 
The  growth  on  the  sulfate  of  potash  was  from  the  start  much 
better  than  on  the  muriate,  and  this  superiority  was  main- 
tained throughout  the  season.  The  yield  is  shown  in  the 
table  :  — 


Number  of 
Hard  Heads, 
November  2. 

Total  Weight  (Pounds). 

Hard  Heads. 

Soft  Heads. 

(Pounds;. 

Muriate  of  potash, 
Sulfate  of  potash, 

393 
502 

4,105 
5,475 

720 
255 

750 
1,060 

It  will  be  noticed  that  the  sulfate  of  potash  plot  gave  much 
the  larger  and  more  valuable  crop.  It  should  be  pointed 
out  that,  on  account  of  difference  of  growth  due  to  acci- 
dental conditions,  the  above  table  has  been  made  to  include 
the  yield  for  only  about  one-ninth  of  an  acre.  The  product 
of  plot  14  sold  at  a  price  (5  cents  per  head)  which  would 
have  made  the  product  of  one  acre  of  such  cabbages  worth 
about  $250,  while  the  product  of  the  other  plot  was  worth 
only  at  the  rate  of  about  $200  per  acre. 


*  Die  Kalidungung,  p.  252. 
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Comparison  of  Different  Potash  Salts.  (Field  G.) 
The  object  in  this  experiment  is  to  determine  the  relative 
manurial  vahie  for  our  various  crops  of  the  ditferent  promi- 
nent potash  salts.  The  experiment  was  begun  in  1898,  the 
crop  that  year  being  the  soy  bean.  The  results  were  inde- 
cisive and  unsatisfactory,  the  crop  where  no  potash  was 
used  in  numerous  instances  being  as  great  as  where  potash 
manures  were  applied.  The  potash  resources  of  the  soil 
were  clearly  too  large  to  allow  satisfactory  deductions  to  be 
made.  This  had,  however,  been  anticipated.  From  the 
nature  of  the  problem  it  was  recognized  that  the  experiment 
must  continue  for  a  series  of  years.  We  must  study  not 
simply  the  immediate  effect  upon  the  crop,  but  the  elfect 
upon  the  soil  of  long-continued  use  of  the  different  salts, — 
and  as  well  the  effect  upon  the  crop  of  such  continued  use. 

In  this  experiment  the  plots  are  one-fortieth  of  an  acre 
each,  duly  separated  by  dividing  strips.  There  are  forty 
plots,  each  manuring  being  five  times  duplicated.  Every 
plot  receives  yearly  materials  estimated  to  furnish  nitrogen 
and  phosphoric  acid  in  liberal  amounts.  All  receive  the 
same  materials,  save  plots  6,  14,  22,  30  and  38,  on  which 
the  potash  salt  used  is  the  nitrate,  so  that  the  amount  of  ni- 
trate of  soda  for  these  is  made  only  sufficient  (.5  pounds)  to 
furnish  to  these  plots  the  same  amount  of  nitrate  nitrogen  as 
to  the  others.  With  this  exception,  the  materials  applied 
as  sources  of  nitrogen  and  phosphoric  acid  are,  per  plot :  — 

Pounds. 

Nitrate  of  soda, 7.0 

Tankage, 7.5 

Acid  phosphate, 10.0 

In  order  to  make  certain  that  there  should  be  no  failure 
through  deficiency  of  lime,  the  entire  field  received  an  ap- 
plication at  the  rate  of  one  ton  to  the  acre  of  lime  freshly 
slacked,  which  was  wheel-harrowed  in  earl}' in  the  spring  of 
1898. 

The  various  potash  salts  where  used  were  applied  in 
amounts  intended  to  furnish  an  equal  quantity  of  actual 
potash  (KjO)  to  each  plot,  as  follows  :  — 
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Plot  1 .      No  potash.  Pounds. 

Plot  2.     Kainite, 27.75 


Plot  3.  High-grade  sulfate  of  potash, 

Plot  4.  Low-grade  sulfate  of  potash, 

Plot  5.  Muriate  of  potash, 

Plot  6.  Nitrate  of  potash. 

Plot  7.  Carbonate  of  potash-magnesia, 

Plot  8.  Silicate  of  potash, 


7.50 

15.00 

7.50 

8.25 

20.00 

17.00 


Plots  9-16,  17-24,  25-32  and  33-40  are  duplicates  re- 
spectively of  plots  1-8. 

The  crop  this  year  (the  second  of  the  experiment)  was 
potatoes,  Beauty  of  Hebron,  seed  from  Maine.  It  was 
planted  in  drills,  one  set  (2-3  eyes)  in  14  inches.  The 
tubers  were  subjected  to  the  formalin  treatment,  to  prevent 
scab,  being  soaked  two  hours  in  a  solution  of  eight  ounces 
to  15  gallons  of  water.  They  were  budded  in  a  light  room 
after  treatment,  before  being  planted  on  May  8-9.  The 
crop  was  well  cared  for,  and  sprayed  repeatedly  with  Bor- 
deaux mixture,  to  prevent  blight,  of  which  there  was  little. 
The  yield  was  heavy,  varying  from  297  to  380  bushels  of 
merchantable  potatoes  per  acre  on  the  different  potash  salts. 
The  results  are  not  entirely  conclusive,  for  the  reason  that 
in  duplicate  plots  the  yields  of  the  different  salts  do  not 
occupy  the  same  relative  rank.  Thus,  for  example,  the 
various  salts  made  the  following  relative  yields  in  merchant- 
able tubers  :  — 

Kainite  stands :  — 

1st,  ouce ;  3d,  once  ;  6th,  twice  ;  and  7th,  once. 
High-grade  sulfate  of  potash  stands  :  — 

1st,  twice  ;  2d,  twice ;  and  3d,  once. 
Low-grade  sulfate  of  potash  stands  :  — 

2d,  twice ;  3d,  once  ;  6th,  once ;  and  7th,  once. 
Muriate  of  potash  stands  :  — 

1st,  once  ;  4th,  twice ;   5th,  once  ;  and  6th,  once. 
Nitrate  of  potash  stands  :  — 

Once  each :  3d,  4th,  5th,  6th  and  7th. 
Carbonate  of  potash-magnesia  stands  :  — 

1st,  twice ;  3d,  twice  ;  and  5th,  once. 
Silicate  of  potash  stands  :  — 
4th,  twice  ;   6th,  twice  ;  and  7th,  once. 
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With  such  variations  in  relative  standing,  it  will  be  agreed 
we  must  interpret  results  with  caution.  Still,  it  is  ])elieved 
that  the  average  yield  of  the  ditierent  salts  should  be  pub- 
lished as  a  matter  of  record  :  — 

Average  Yield  of  Plots. 


Pounds  per  Plot. 

Bushels  per  Acre. 

PLOTS. 

Large.* 

Small. 

Large.* 

Small. 

No  potash 

430.70 

61.00 

287.13 

40.66 

Kainite,       .... 

488.45 

52.60 

326.83 

33.86 

High-grade  sulfate,    . 

525.70 

52.95 

350.46 

35.49 

Low-grade  sulfate,    . 

508.20 

55.70 

338.79 

37.13 

Muriate 

506.30 

61.40 

337.53 

40.93 

Nitrate 

498.20 

64.75 

332.13 

43.16 

Carbonate 

618.00 

64.80 

345.33 

43.39 

Silicate,       .... 

492.40 

56.00 

328.26 

38.39 

*  Two  ounces  or  over. 


Conclusions. 

1.  It  will  be  noticed  that  the  soil  is  potash  hungry,  for 
every  one  of  the  salts  used  increases  the  yield. 

2.  The  high-grade  sulfate  of  potash  stands  first.  It  has 
with  rare  exceptions  been  found  more  effective  in  increasing 
the  yield  than  the  muriate,  with  which  it  has  been  frequently 
compared,  and  it  gives  better  quality.  We  are  justified  in 
the  conclusion  that  the  application  of  potash  in  this  form 
for  the  potato  will  give  good  results.  It  should  be  pointed 
out  that  our  soil  is  moderately  heavy  and  retentive.  On 
drier  sorts  the  muriate  may  compare  with  the  sulfate  more 
favoral)ly. 

3.  The  comparatively  new  carbonate  of  potash-magnesia 
ranks  second.  It  is  as  carbonate  that  potash  exists  in  wood 
ashes,  which,  however,  are  believed  to  favor  some  forms  of 
scab.  The  fertilizer  did  not  have  that  effect.  This  appears 
to  be,  then,  a  very  useful  form  of  potash.  In  mechanical 
condition  it  leaves  nothing  to  be  desired,  being  fine  and 
remaining  dry  under  all  conditions  of  weather.  The  price 
is  at  present  too  high  to  allow  its  general  use. 
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4.  The  low-grade  sulfate  of  potash  ranks  third  ;  but,  as 
freights  cost  more  per  unit  of  potash  for  this  salt  than  for 
the  high  grade,  the  latter  is  generally  to  be  preferred.  It 
is  not  impossible  that  in  some  localities  the  magnesia  of  the 
low-grade  sulfate  may  prove  useful ;  but  we  have  no  evi- 
dence that  such  is  the  case  here. 

5.  The  kainite  ranks  lowest  among  all  the  salts  em- 
ployed. Since  this,  containing  only  about  13  per  cent,  of 
actual  potash,  can  be  purchased  at  a  much  lower  ton  price 
than  the  purer  salts,  such  as  the  high-grade  sulfate  and  the 
muriate,  it  is  sometimes  selected  by  farmers.  It  should  be 
remembered  that  the  unit  of  potash  on  the  farm  usually 
costs  more  in  the  kainite  than  in  the  others.  In  view  of 
our  results,  then,  I  can  see  no  reason  for  selecting  this 
potash  fertilizer. 

6.  The  silicate  of  potash  gives  the  next  lowest  crop.  It 
is  apparently  slowly  available.  The  present  cost  is  high, 
and  it  can  be  kept  from  caking  only  l)y  admixture  with 
powdered  peat  or  similar  material.  It  is  prepared  espe- 
cially for  use  on  tobacco,  for  which  crop  it  is  under  trial  in 
Germany  and  in  this  country.  I  judge  it  will  have  no  ap- 
plication for  ordinary  crops  ;  and  its  usefulness  for  tobacco 
is  not  fully  demonstrated,  though  some  favorable  results 
have  been  obtained. 

Leguminous  Crops  (Clover,  Pea  and  Bean  or  "Pod" 
Family)  as  Nitrogen  Gatherers.     (Field  A.) 
This  experiment  is  a  continuation  of  a  series  begun  in 
1889.     The  objects  in  view  have  been  :  — 

1.  To  determine  the  extent  to  which  plants  of  the  clover 
family  are  capable  of  enriching  the  soil  in  nitrogen  taken 
by  them  from  the  air  through  the  agency  of  the  nodular 
bacteria  found  upon  their  roots. 

2.  To  compare  nitrate  of  soda,  sulfate  of  ammonia,  dried 
blood  and  farm-yard  manure  as  sources  of  nitrogen.* 

The  plots,  eleven  in  number,  are  one-tenth  acre  each,  and 
are  numbered  0  to  10.     Three  plots  (4,  7  and  9)  have  re- 

*  Only  such  details  are  given  here  as  are  necessary  to  an  understanding  of  the 
nature  of  the  experiment.  Full  particulars  will  be  found  in  our  ninth  and  tenth 
annual  reports. 
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ceived  no  nitrogen-containing  manure  or  fertilizers  since 
1884;  one  (0)  has  received  farm-yard  manure;  two  (1  and 
2),  nitrate  of  soda;  three  (5,  6  and  8),  sulfate  of  am- 
monia; and  two  (3  and  10),  dried  blood  every  year  since 
1889.  These  materials  have  been  used  in  amounts  to  fur- 
nish nitrogen  at  the  rate  of  45  pounds  per  acre  each  year. 

All  plots  have  received  yearly  equal  quantities  of  phos- 
phoric acid  and  potash  ;  viz. ,  80  pounds  per  acre  of  the  former 
and  125  pounds  of  the  latter  from  1889  to  1894  and  the  past 
four  seasons  ;  but  in  1894  and  1895,  double  these  quantities. 
To  some  of  the  plots  the  potash  is  applied  in  the  form  of 
potash-magnesia  sulfate  ;  to  others,  in  the  form  of  muriate. 
The  results  with  the  former  salt  have  been  superior  to  those 
with  the  latter,  as  a  rule,  particularly  when  used  in  connec- 
tion with  sulfate  of  ammonia.  The  entire  field  received  at 
the  rate  of  1  ton  per  acre  of  partially  air-slacked  lime  in  the 
spring  of  1898,  in  addition  to  the  usual  fertilizers. 

Up  to  this  year  we  may  briefly  characterize  the  results, 
in  so  far  as  these  have  a  bearing  upon  the  two  main  ques- 
tions proposed,  as  follows  :  — 

1.  The  leguminous  crops  grown  (soy  beans  in  1892, 
1894  and  1896)  have  not  appeared  to  enrich  the  soil  in  nitro- 
gen, if  we  accept  the  results  with  the  next  following  crop  as 
afibrding  a  basis  of  judgment. 

2.  The  diflerent  sources  of  nitrogen  have  ranked  on  the 
average  in  the  following  order :  nitrate  of  soda,  farm-yard 
manure,  dried  blood  and  sulfate  of  ammonia. 

The  crop  in  1898  was  oats.  After  harvesting  them,  the 
land  was  ploughed  and  sown  to  what  was  supposed  to  be 
mammoth  red  clover  in  August.  The  variety  appears  to  be 
the  common  red.  This  went  into  the  winter  in  excellent 
condition,  but  was  somewhat  winter-killed  on  all  plots,  ap- 
parently for  reasons  unconnected  with  the  manures  which 
had  been  employed.  The  injury  was  most  severe  on  plots 
0,  5  and  8,  and  least  on  plot  5.  Between  the  other  plots 
there  was  little  difference  in  the  degree  of  injury,  if  we  ex- 
cept plot  6,  on  which  it  was  greater  than  on  the  others. 
Seed  was  sown  on  the  surface  this  spring  where  needed. 
This  germinated  well,  ])ut  the  young  plants  made  little 
growth,  on  account  of  the  dry  weather.     Two  crops  were 
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cut,  the  first  on  July  3.  The  plants  at  this  time  had  ceased 
growth,  on  account  of  drought.  Not  all  had  blossomed,  yet 
the  condition  must  be  classed  as  mature.  The  yield  was 
seriously  decreased  by  the  dry  weather.  The  second  crop 
was  cut  August  21,  being  somewhat  mixed  with  annual 
grasses,  but  apparently  to  equal  degree  in  all  plots.  The 
hay  was  secured  in  good  condition,  being  cured  mostly  in 
the  cock.  The  table  shows  the  fertilizer  treatment  and 
the  yields  of  the  several  plots  :  — 

Nitrogen  Experiment, — Fertilizers  used  and  Yield  of  Clover. 


Plots. 


FERTILIZERS. 


Pounds. 


Clover 
Hay 

(PoundB;. 


Clover 

Rowen 

(Pounds). 


Total 
(Pounds). 


Plot     0 


Plot     1 


Plot    2 


Plot  5, 

Plot  6 

Plot  7 

Plot  8 

Plot  9 

Plot  10 


Barn-yard  manure, 
Potash-magnesia  sulfate 
Dissolved  bone-black, 

Nitrate  of  soda, 
Potash-magnesia  sulfate 
Dissolved  bone-black. 

Nitrate  of  soda. 
Potash-magnesia  sulfate 
Dissolved  bone-black, 

Dried  blood,    . 
Muriate  of  potash, . 
Dissolved  bone-black, 

,  Muriate  of  potash, . 
'  Dissolved  bone-black. 

Ammonium  sulfate. 
Potash-magnesia  sulfate 
Dissolved  bone-black. 

Ammonium  sulfate. 
Muriate  of  potash, . 
Dissolved  bone-black, 

Muriate  of  potash,  . 
'  Dissolved  bone-black, 

Ammonium  sulfate. 
Muriate  of  potash,  . 
Dissolved  bone-black. 

Muriate  of  potash,  . 
Dissolved  bone-black, 

Dried  blood,    . 
Potash-magnesia  sulfate 
Dissolved  bone-black, 


800.0- 
32.0 
18.0  ! 

29.0' 
48.5 
50.0  ' 

29.0 

48.5 
50.0 

43.0 
25.0 
50.0 

25.0, 
50.0  \ 

22.5 
48.5 
50.0 

22.5 
25.0 
50.0 

25.0  i 
50.0  I 

22.5] 

25.0 

50.0] 

25.0  ( 
50.0! 

43.0 
48.5 
40.0 


243.8 


235.6 


180.0 


215.0 


407.5 


It  is  perhaps  questionable  whether  much  weight  should  be 
attached  to  the  yields  at  the  first  cutting,  since  full  develop- 
ment was  not  reached  on  account  of  drought.  The  rowen 
gives  a  better  basis  for  comparison.  Studying  these  figures, 
we  find  the  following  points  bearing  upon  the  problem  on 
which  the  experiment  seeks  to  shed  light :  — 
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1.  The  various  materials  furnishing  nitrogen  rank  in  the 
following  order:  manure,  dried  blood,  nitrate  of  soda  and 
sulfate  of  ammonia. 

2.  The  plots  receiving  no  nitrogen  approach  in  average 
yield  much  more  closely  to  those  getting  this  element  than  has 
been  the  case  ivith  any  previous  crop  on  this  land.  TJiis  must 
be  regarded  as  highly  significant,  for  it  rvill  be  remembered 
that  this  field  has  been  under  experiment  for  eleven  years,  and 
in  all  that  time  these  plots  have  received  no  nitrogenous  ma- 
nure or  fertilizer  of  any  hind.  The  clover  must,  it  seems 
evident,  have  draicn  from  the  air  for  this  element,  in  which, 
as  is  well  knoivn,  it  is  especially  rich. 

Fertilizers  for  Garden  Crops.  (Field  C.) 
This  series  of  experiments  was  begun  in  1891,  and  has 
for  its  objects  to  test  the  relative  vahie  for  garden  crops  : 
(1)  of  sulfate  of  ammonia,  nitrate  of  soda  and  dried  blood 
as  sources  of  nitrogen;  and  (2)  of  muriate  and  sulfate  as 
sources  of  potash.  For  full  details  concerning  the  methods 
followed  and  earlier  results,  reference  is  made  to  my  eleventh 
annual  report.  It  should,  however,  be  pointed  out  here 
that  partially  rotted  stable  manure  has  been  applied  in  equal 
amounts  to  all  the  plots  for  the  last  two  years.  The  amount 
of  such  manure  used  this  year  was  7.200  pounds  per  plot. 
The  fertilizers  used  were  as  follows  :  — 


Annual  Supply  of  Manurial  Substances  (Pounds). 

^  Sulfate  of  ammonia, 38 

Plot  1,^  Muriate  of  potash, 30 

Q  Dissolved  bone-black, 40 

C  Nitrate  of  soda, 47 

Plot  2,^  iMuriate  of  potash, 30 

(_  Dissolved  bone-black,  ......  40 

(Dried  blood, 75 

Plot  3,  ^  Muriate  of  potash, 30 

(.Dissolved  bone-l)lack, 40 

( Sulfate  of  ammonia, 38 

Plot  4,  ASul fate  of  potash, 30 

(^  Dissolved  bone-black,  ......  40 

( Nitrate  of  soda, 47 

Plot  .5,^  Sulfate  of  potash 30 

(^Dissolved  bone-black,  .                  ....  40 

C  Dried  blood, 75 

Plot  6,  }  Sulfate  of  potash, .30 

(^Dissolved  bone-black 40 
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The  area  of  the  plots  is  about  one-eighth  of  an  acre  each. 
The  fertilizers  used  supply  at  the  rates  per  acre  :  phosphoric 
acid,  50.4  pounds  ;  nitrogen,  (30  pounds  ;  potash,  120  pounds. 
For  purposes  of  comparison,  I  quote  from  my  last  annual 
report :  — 

Conclusions  based  on  Residts  up  to  1897.     (Fertilizers  Alone.) 
The  chief  conclusions  which  seemed  justified  by  the  results  with 
fertilizers  alone  are  the  following  :  — 

1.  Sulfate  of  potash  in  connection  with  nitrate  of  soda  (plot  5) 
has  generally  given  the  best  crop.  In  those  cases  where  this  has 
not  been  true,  the  inferiority  of  this  combination  has  usually  been 
small.  In  one  case  only  has  it  fallen  much  behind,  viz.,  with 
sw^et  corn,  a  crop  which  makes  much  of  its  growth  in  the  latter 
part  of  the  season. 

2.  Nitrate  of  soda  (plots  2  and  5)  has  in  almost  every  instance 
proved  the  most  valuable  source  of  nitrogen,  whether  used  with 
the  muriate  or  the  sulfate  of  potash. 

3.  The  combination  of  sulfate  of  ammonia  and  muriate  of  pot- 
ash (plot  1)  has  in  every  instance  given  the  poorest  crop.  This 
fact  is  apparently  due,  as  Dr.  Goessmann  has  pointed  out,  to  an 
interchange  of  acids  and  bases  leading  to  the  formation  of  chloride 
of  ammonia,  which  injuriously  affects  growth. 

The  Experiment   in  1899. 

The  crops  on  each  plot  this  year  included  the  following  : 
fruiting  strawberries,  celery  (following  the  strawberries), 
cabbages,  squashes,  spinach,  lettuce,  table  beets,  onions  and 
freshly  set  strawberries.  Both  manure  and  fertilizers  were 
spread  on  after  ploughing  this  spring  and  harrowed  in. 

Strawberries:  —  The  vines  of  the  fruiting  beds  were  set 
in  the  spring  of  1898.  They  all  made  good  growth,  but 
were  somewhat  winter-killed,  apparently  because  covered 
rather  too  heavily.  The  injury  was  not  very  materially 
different  on  the  different  plots,  but  was  judged  to  have  been 
somewhat  most  serious  on  plots  0  and  2  and  least  on  plot  4. 
Picking  began  on  June  15  and  ended  on  July  12.  Plot  0 
(manure  alone)  much  exceeded  the  others  in  yield  of  ripe 
fruit  at  first,  and  in  aggregate  yield  was  excelled  by  but  two 
of  the  plots.  The  total  yields  in  pounds  per  plot  were  as 
follows:  plot  0,  126.6  pounds;  plot  1,  94.7  pounds;  plot 
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2,    96.6    pounds;    plot    3,    155.1    pounds;    plot    4,    172.3 
pounds;  plot  5,  108.1  pounds;  plot  6,  103.3  pounds. 

The  average  yields  in  pounds  produced  by  the  different 
fertilizers*  were  :  — 

Manure  alone  (plot  0), 126.6 

Average  of  manure  and  muriate  of  potash  (plots  1,  2  and  3),  .  115.4 

Average  of  manure  and  sulfate  of  potash  (plots,  4,  5  and  6),    .  128.8 

Average  of  manure  and  sulfate  of  ammonia  (plots  1  and  4),    .  161.9 

Average  of  manure  and  nitrate  of  soda  (plots  2  and  5),     .         .  102.3 

Average  of  manure  and  dried  blood  (plots  3  and  6),          .         .  129.2 

It  will  be  noticed  that  but  two  of  the  combinations  of  fer- 
tilizers used  with  the  manure  excel  the  manure  alone,  viz., 
sulfate  of  ammonia  and  sulfate  of  potash,  and  dried  blood 
and  muriate  of  potash.  Nitrate  of  soda,  which  we  have  found 
the  best  source  of  nitrogen  for  most  crops,  makes  the  poor- 
est showing.  Between  the  muriate  and  sulfate  of  potash 
there  seems  to  be  no  clearly  defined  difference.  These  re- 
sults were  doubtless  in  part  determined  by  the  degree  of 
winter  injury. 

Celery.  —  This  crop  followed  the  strawberries  without 
extra  manuring.  The  share  of  the  stable  manure  belonijintr 
to  the  fruiting  "strawbeny  area  was,  however,  applied  when 
the  strawberry  vines  were  turned  in.  The  yields  of  the 
several  plots  in  pounds  were  as  follows  :  plot  0,  720.8  ;  plot 
1,  250;  plot  2,  550  ;  plot  3,  510  ;  plot  4,  190  ;  plot  5,  585  ; 
plot  6,  550. 

The  average  yields  in  pounds  produced  by  the  different 
fertilizers  were  :  — 

Manure  alone, 720.8 

Manure  and  muriate  of  potash  (plots  1,  2  and  3),  436.7 

Manure  and  sulfate  of  j)otash  (plots  4,  f)  and  6),.         .  441.7 

Manure  and  sulfate  of  ammonia  (plots  1  and  4),  .  220.0 

Manure  and  nitrate  of  soda  (plots  2  and  5),         .         .  .567.5 

Manure  and  dried  blood  (plots  3  and  6),      .         .         .  530.0 

*  To  enable  the  reader  to  better  make  comparisons,  the  plots  are  characterized  as 
"manure  and  muriate  of  potasli,"  "  nianm-c  and  sulfate  of  ))otasli,"  etc.  It  should 
be  remembered  that  dissolved  bone-black  was  ai)plied  to  all  except  plot  0,  and  that 
every  plot  except  plot  0  received  material  sujiplyintc  both  nitrogen  and  potash  as 
well  as  phosphoric  acid  in  addition  to  the  manure.  For  the  full  list  of  fertilizers 
applied  to  each  plot,  see  page  35. 
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It  will  be  noted  that  the  manure  alone  gave  much  the 
largest  crop.*  Discussion  as  to  the  effect  of  the  fertilizers, 
then,  hardly  seems  called  for.  It  is  not  without  interest, 
however,  to  note  that  the  crops  where  sulfate  of  ammonia 
was  employed  were  much  the  smallest  in  the  field.  The  re- 
sult last  year  was  similar  in  this  respect. 

Hanson  Lettuce.  —  In  harvesting  this  crop  the  heads  of 
market  size  were  cut  from  day  to  day.  The  total  yields 
per  plot  in  pounds  were  :  plot  0,  83.1  ;  plot  1,  54.75  ;  plot 
2,  129.25  ;  plot  3,  150.50 ;  plot  4,  88.5  ;  plot  5,  148  ;  plot 
6,  122.25. 

The  average  yields  in  pounds  on  the  different  fertilizers 
were  :  — 


Manure  alone  (plot  0), 

Manure  and  muriate  of  potash  (plots  1,  2  and  3), 
Manure  and  svilfate  of  potash  (plots  4,  5  and  6), . 
Manure  and  sulfate  of  ammonia  (plots  1  and  4), 
Manure  and  nitrate  of  soda  (plots  2  and  5), 
Manure  and  dried  blood  (plots  3  and  6) ,     . 


83.1 
111.5 
119.6 

71.6 
138.6 
136.4 


The  sulfate  of  potash  proves  somewhat  superior  to  the 
muriate  ;  but  the  most  marked  result  is  the  highly  unfavor- 
able influence  of  the  sulfate  of  ammonia.  This,  as  in  pre- 
vious years,  in  combination  with  the  muriate  of  potash  acts 
as  a  plant  poison. 

Spinach. — This,  like  the  lettuce,  was  cut  from  time  to 
time  as  it  became  ready  for  market.  The  3'ields  in  pounds 
of  the  several  plots  were  :  plot  0,  83.8  ;  plot  1,3;  plot  2, 
36.8  ;  plot  3,  46.5  ;  plot  4,  42 ;  plot  5,  75.25  ;  plot  6,  56.5. 

The  averages  on  the  several  fertilizers  in  pounds  were  :  — 


Manure  alone  (plot  0),   . 

Manure  and  muriate  of  potash  (plots  1,  2  and  3) , 
Manure  and  sulfate  of  potash  (plots  4,  5  and  6),   . 
Manure  and  sulfate  of  ammonia  (plots  1  and  4),  . 
Manure  and  nitrate  of  soda  (plots  2  and  5) ,  . 
Manure  and  dried  blood  (plots  3  and  6), 


83.8 
28.8 
57.9 
22.5 
56.0 
51.5 


It  is  noticeable  that  manure  alone  produces  a  considerably 
larger  crop  than  manure  with  any  combination  of  fertilizers. 

*  In  explanation  of  this  fact,  it  sliould  be  pointed  out  that  plot  0  previous  to  1898 
had  entirely  different  manuring  and  cropping  from  the  other  plots.  See  last  annual 
report.    It  is  not  believed  that  the  fertilizers  were  injurious,  as  a  rule. 
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The  most  marked  effect  is  the  injurious  influence  of  the  sul- 
fate of  ammonia. 

Onions. — The  yields  of  the  several  plots  are  shown  in 
the  table  :  — 


PLOTS. 

Well-cured 

Onions 
(Pounds). 

Well-formed 

Onions, 

but  not  cured 

(Pounds). 

Scallions 
(Pounds). 

PlotO 

1,334.5 

26.5 

13.0 

Plotl, 

214.8 

108.5 

108.3 

Plot  2, 

1,174.0 

75.0 

24.0 

Plots 

761.5 

184.0 

157.0 

Plot  4 

632.7 

248.5 

93.0 

Plot  5, 

1,415.8 

81.0 

17.0 

Plot  6 

929.3 

243.8 

79.8 

The  averaijes  on  the  several  fertilizers  were  :  — 


Merchantable 
(Pounds). 

Green 
(Pounds). 

Scallions 
(Pounds). 

Manure  alone  (plot  0) 

1,334.5 

26.5 

13.0 

Manure  and  muriate  of  potash  (plots  1,  2  and  3), 

716.8 

122.5 

96.4 

Manure  and  sulfate  of  potash  (plots  4,  5  and  6),  . 

992.6 

191.1 

63.3 

Manure  and  sulfate  of  ammonia  (plots  1  and  4),  . 

423.7 

178.5 

100.6 

Manure  and  nitrate  of  soda  (plots  2  and  5),  . 

1,294.9 

78.0 

20.5 

Manure  and  dried  blood  (plots  3  and  6), 

845.4 

213.9 

118.9 

It  becomes  evident  from  these  figures  (1)  that  none  of  the 
fertilizer  combinations  except  one  (nitrate  of  soda  and  sul- 
fate of  potash)  benefited  the  crop,  (2)  that  the  sulfate  is 
much  superior  to  the  muriate  as  a  source  of  potash,  and  (3) 
that  the  nitrate  of  soda  is  much  the  best  source  of  nitrogen. 

Table  Beels.  —  With  this  crop  the  manure  alone  gave  much 
the  best  yields,  and  the  several  fertilizer  combinations  failed 
to  produce  effects  sufiiciently  marked  to  warrant  discussion. 
The  details,  therefore,  will  not  be  given. 

CahbcKjes.  — But  one  i)lot  in  this  crop  gave  a  yield  excel- 
ling the  manure  alone,  and  that  was  the  one  receiving,  in 
addition  to  manure,  sulfate  of  ammonia  and  muriate  of  pot- 
ash.    The  yields  in  hard  heads  in  pounds  were  as  follows  : 
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plotO,  375.1  ;  plot  1,  420;  plot  2,  377.5;  plot  3,  337.5; 
plot  4,  347.5  ;  plot  5,  207.5  ;  plot  6,  320. 

The  averages  on  the  several  fertilizers  in  pounds  were  :  — 


Hard 
Heads. 

Soft 
Heads. 

Manure  alone  (plot  0) 

375.1 

223.9 

Manure  and  muriate  of  potash  (plots  1,  2  and  3),     .        .       .        . 

378.3 

29.2 

Manure  and  sulfate  of  potash  (plots  4,  5  and  6) 

291.7 

20.2 

Manure  and  sulfate  of  ammonia  (plots  1  and  4) 

383.7 

12.5 

Manure  and  nitrate  of  soda  (plots  2  and  5) 

292.5 

52.5 

Manure  and  dried  blood  (plots  3  and  6) , 

328.6 

22.5 

So  far  as  results  justify  conclusions,  it  would  seem  (1) 
that  the  muriate  shows  itself  superior  to  the  sulfate  of  pot- 
ash for  this  crop  when  used  with  stable  manure,  and  (2)  that 
the  sulfate  of  ammonia  is  the  best  source  of  nitrogen  for  it. 
That  the  sulfate  of  ammonia  should  prove  the  most  useful 
form  of  nitrogen  supply  with  a  crop  making  most  of  its 
growth  in  the  latter  part  of  the  season  we  have  before  ob- 
served.* 

In  other  experiments  with  cabbages  this  year,  where  fer- 
tilizers alone  were  used,  the  sulfate  of  potash  gave  much 
larger  yields  than  the  muriate. f  Here  this  is  reversed.  I 
have  at  present  no  explanation  to  offer  for  this  difference. 

Squashes.  —  This  crop  gave  much  the  best  yield  on  manure 
alone,  and  the  differences  apparently  produced  by  the  several 
fertilizers  are  not  significant.  The  sulfate  gives  larger  yields 
than  the  muriate  of  potash  in  every  case,  while  the  sulfate 
of  ammonia  makes  the  lowest  showing  among  the  fertilizers 
supplying  nitrogen.     The  details  will  not  be  given. 


Variety  Tests  with  Potatoes. 
The  number  of  varieties  tested  this  year  was  94.  The 
seed  used  was  all  of  our  own  raising.  It  was  produced 
under  conditions  similar  in  every  respect  and  had  been 
similarly  preserved.  Of  each  variety,  with  a  few  exceptions 
later  noted,  80  sets  were  planted  at  the  distance  of  1  foot 


•  See  eleventh  annual  report. 


t  See  page  28. 
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in  drills  3  feet  apart.  One-half  of  these  were  harvested 
at  earl}^  market  maturity  (August  1),  the  })alance  at  full 
maturity  (September  22-23). 

The  soil  was  a  medium  loam,  in  mixed  grass  and  clover 
for  the  two  preceding  years.  It  received  an  application  of 
farm  manure  at  the  rate  of  about  5  cords  per  acre  on  the 
sod  early  this  spring,  and  was  then  ploughed.  The  fertil- 
izers used  in  pounds  per  acre  were  :  — 

Nitrate  of  soda, 240 

Acid  phosphate, 400 

Sulfate  of  potash  (high  grade), 250 

Tankage, 240 

Dried  blood, 100 


These  materials  were  thoroughly  mixed  and  scattered 
widely  in  the  open  furrow  before  dropping  the  seed.  The 
seed  potatoes  were  first  washed  and  then  treated  in  formalin 
solution  (8  ounces  to  15  gallons  water)  for  two  hours.  The 
tubers  were  budded  in  a  light  room  after  treatment.  The 
planting  was  done  May  4  and  5.  The  crop  was  well  cared 
for,  and  sprayed  six  times  with  Bordeaux  mixture,  to  pre- 
vent blight,  of  which,  however,  there  was  considerable. 
The  development  was  normal,  save  for  the  blight ;  and  the 
yields  and  quality  for  the  most  part  good.  There  was  prac- 
tically no  scab. 

The  tables  give  data  for  the  earlier  and  the  latter  dig- 
gings :  — 

Variety  Test  Potatoes.     Record  to  Aug.  1,  1899. 


First 
Bloom. 

Blight 
begins. 

Amount  of 

Blight 
August  1.* 

Yield  at  Ratb  per  Acre. 

VARIETY. 

Large,  Two 

Ounces 
(Bushels). 

Small 
(Bushels). 

Abundance,  . 

Acme,    . 

Algoma, 

American  Heauty, 

Arizona, 

Bartlett, 

Beauty  of  Hebron, 

June  23, 
June  23, 
June  28, 
June  17, 
June  17, 
June  28, 
June  19, 

July  22, 
July   19, 
July  22, 
July  22, 
July   18, 
July   24, 
July  24, 

We 

1/4 

148.5 
244.0 
154.5 
200.0 
224.3 
181.8 
260.6 

24.3 
24.3 
40.9 
10.6 
51.5 
36.4 
40.9 

*  Fractions  indicate  proportion  of  foliage  destroyed. 
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Variety  Test  Potatoes,  etc.  —  Continued. 


Yield  at  Rate  per  Acre. 

VARIETY. 

First 
Bloom. 

Blight 
begins. 

Amount  of 

Blight 
August  1. 

Large,  Two 

Ounces 
(Bushels). 

Small 
(Bushels). 

Burpee's  Superior, 

June  23, 

July  22, 

Vs 

236.4 

39.4 

Burr's  No.  1,         .        .        . 

June  19, 

July  22, 

V4 

262.1 

45.5 

Cambridge  Russet, 

June  23, 

July  18, 

y* 

166.7 

24.3 

Carmen  No.  1,       .        .        . 

June  19, 

July   22, 

% 

295.5 

30.3 

Champion  of  the  World, 

June  19, 

July  22, 

Vs 

206.1 

31.8 

Clay  Rose 

June  17, 

July   18, 

% 

239.4 

39.4 

Commercial, .... 

June  28, 

July  22, 

M 

209.1 

12.1 

Country  Gentleman,     . 

June  19, 

July  22, 

Vi 

251.5 

33.3 

Dakota  Red 

June  30, 

July   18, 

V2 

184.9 

27.3 

Dreer's  Standard, 

June  23, 

July  22, 

.  V4 

272.8 

21.2 

Button's  Seedling, 

June  19, 

July  22, 

Vs 

298.5 

36.4 

Early  Kansas, 

June  19, 

July  22, 

Vs 

298.5 

33.3 

Beauty  of  Hebron, 

June  19, 

July  24, 

Trace. 

287.9 

31.8 

Early  Minnesota,  . 

June  28, 

July  18, 

% 

190.9 

27.3 

Early  Roberts, 

June  19, 

July  22, 

% 

300.0 

63.6 

Early  Rochester,  . 

June  19, 

July  22, 

% 

230.3 

15.2 

Early  Rose,  .... 

June  19, 

July   18, 

V2 

263.6 

51.5 

Early  Sunrise, 

June  19, 

July   18, 

M 

221.2 

51,5 

Extra  Early  Vermont, 

June  19, 

July   15, 

% 

266.7 

42.4 

Empire  State, 

June  28, 

July  22, 

% 

148.5 

24.3 

Enormous 

June  19, 

July  22, 

^'8 

275.8 

9.1 

Everett,         .... 

June  19, 

July  15, 

V2 

207.6 

46.5 

Fillbasket 

June  17, 

July   20, 

Vie 

223.0 

51.6 

Garfield 

June  19, 

July  22, 

Vs 

193.9 

33.3 

German  Queen,     . 

June  19, 

July  22, 

Vi 

213.7 

24.3 

Good  Times, 

July     6, 

July  29, 

Trace. 

151.5 

21.2 

Governor  Rusk,    . 

June  28, 

July  20, 

% 

236.4 

9.1 

Green  Mountain,  . 

June  23, 

July  24, 

v» 

127.3 

18.2 

Howard,         .... 

June  19, 

July  24, 

Vs 

275.8 

33.3 

Hurst 

June  28, 

July   15, 

% 

- 

- 

Mill's  Longkeeper, 

June  23, 

July  20, 

1/4 

- 

- 

Irish  Cobbler, 

June  17, 

July  20, 

% 

260.6 

30.3 

Joseph, 

July     6, 

July  24, 

1/4* 

169.7 

28.8 

King  of  the  Earliest,    . 

- 

July  22, 

% 

265.2 

24.3 

King  of  Roses, 

June  19, 

July   22, 

\i 

209.1 

54.6 

Lakeside  Champion,    . 

June  19, 

July  20, 

% 

245.5 

39.4 

*  Ripening. 
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Variety  Test  Potatoes,  etc.  —  Contiuued. 


Yield  at  Rate  per  Acre. 

VARIETY. 

First 
Bloom. 

Blight 
begins. 

Amount  of 

Blight 
August  1. 

Large,  Two 

Ounces 
(Bushels). 

Small 
(Bushels). 

Late  Puritan, 

June  23, 

July  24, 

Vs 

224.3 

48.5 

Lee's  Favorite, 

June  19, 

July  22, 

1/4 

278.8 

47.0 

Leonard  Rose, 

June  19, 

July  20, 

y* 

239.4 

42.4 

Lincoln, 

June  19, 

July  29, 

Vs 

212.1 

37.9 

Maule'8  Thoroughbred 

, 

June  19, 

July   22, 

?io 

260.6 

48.5 

Mayflower,    . 

- 

July  22, 

y* 

124.3 

42.4 

Mill's  Banner, 

June  23, 

July  29, 

Trace. 

112.1 

15.2 

Mill's  Prize,  . 

June  28, 

July  22, 

Trace. 

154.5 

18.2 

Money  Maker, 

June  23, 

July  22, 

Vs 

145.5 

12.1 

Montana  Wonder, 

June  17, 

July   22, 

% 

260.6 

33.3 

New  Satisfaction, 

June  19, 

July  22, 

V4. 

190.9 

18.2 

Parker's  Market,  . 

June  23, 

July  22, 

V2 

218.2 

30.3 

Penn  Manor, . 

June  19, 

July  22, 

% 

284.9 

39.4 

Pingree, 

June  23, 

July  22, 

V* 

190.9 

37.3 

Prince  Bismark,   . 

June  19, 

July  22, 

% 

269.7 

21.2 

Prize  Taker, 

June  23, 

July  22, 

V2 

244.0 

25.8 

Early  Potentate,   . 

- 

July  20, 

Vi 

187.9 

30.3 

Pride  of  Michigan, 

June  19, 

July  22, 

M 

209.1 

50.0 

Prolific  Rose, 

June  19, 

July  22, 

ys 

257.6 

51.5 

Quick  Crop,  . 

June  19, 

July  22, 

ys 

221.2 

54.6 

Reeve's  Rose, 

June  19, 

July  22, 

ys 

187.9 

36.4 

Restaurant,   . 

June  23, 

July  24, 

Mo 

212.1 

36.4 

Rochester  Rose,   . 

June  19, 

July  22, 

ys 

212.1 

48. 5 

Rose  of  Erin, 

June  28, 

July  22, 

Vi 

221.2 

9.1 

Rose  No,  9,   . 

June  28, 

July  22, 

ys 

106.1 

53.0 

Secretary  Wilson, 

June  19, 

July  22, 

%* 

266.7 

60.6 

Seneca  Beauty, 

June  19, 

July  24, 

Vs 

209.1 

24.3 

Sir  Walter  Raleigh, 

July     6, 

July  29, 

Trace. 

148.5 

21.2 

Sir  William, . 

Juno  19, 

July  22, 

»/8 

181.8 

21.2 

Signal,   . 

June  19, 

July  22, 

% 

251.6 

45.5 

Somerset, 

- 

July  22, 

V» 

169.7 

18.2 

State  of  Maine, 

June  19, 

July   24, 

ys 

221.2 

24.3 

State  of  Wisconsin, 

June  19, 

July   22, 

ys 

121.2 

37.3 

Table  King,  . 

June  23, 

July   22, 

?& 

230.3 

25.8 

Thorburn,      . 

June  19, 

July   24, 

v% 

218.2 

48.5 

Tonhocks,     . 

June  23, 

July  22, 

ys 

248.5 

37.9 

Ripening. 
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Variety  Test  Potatoes,  etc.  —  Continued. 


Yield  at  Rate  per  Acre. 

VARIETY. 

First 
Bloom. 

Blight 
begins. 

Amount  of 

Blight 
August  1. 

Large,  Two 

Ounces 
(Bushels). 

Small 
(Bushels). 

Uncle  Sam 

June  19, 

July  22, 

M 

293.9 

12.1 

Vanguard 

June  19, 

July  22, 

Vs 

277.6 

34.9 

Vick's  Perfection, 

June  19, 

July  22, 

1/8 

284.9 

39.4 

Victory,  P.  and  W.,     . 

June  19, 

July  22, 

w« 

278.8 

36.4 

Vigorosa,      .... 

June  19, 

July  24, 

Vs 

294.0 

40.9 

Washington, 

June  23, 

July  24, 

1-16 

240.9 

28.8 

White  Elephant,  . 

June  19, 

July  29, 

Via 

218.2 

31.4 

White  Ohio, .... 

June  23, 

July  22, 

% 

230.3 

24.3 

White  Peachblow, 

June  23, 

July  24, 

Vio 

125.9 

42.4 

Wisconsin  Beauty, 

June  19, 

July  22, 

Vi 

251.5 

25.8 

Woodbury's  White,     . 

June  23, 

July  22, 

Vie 

133.3 

31.8 

Early  Andees, 

June  23, 

July  22, 

M 

- 

- 

Early  Dawn, 

June  28, 

July  20, 

M 

- 

- 

Salzer's  Earliest,  . 

June  28, 

July  15, 

Vs 

- 

- 

Triumph 

June  28, 

July  15, 

Wm 

- 

- 

Variety  Test  Potatoes.     Final  Records. 


Ripening 
begins. 

Vines 
Dead. 

Yield  at  Rate  per  Acre, 
September  22  and  23. 

VARIETY. 

Large,  Two 
Ounces  or 

Above 
(Bushels). 

Small 
(Bushels). 

Abundance, 

- 

Sept.    6, 

230.3 

21.2 

Acme,  . 

Aug.  12, 

Aug.  14, 

230.3 

18.2 

Algoma, 

Aug.  12, 

Aug.  24, 

200.0 

42.4 

American  Beauty, 

Aug.  12, 

Aug.  24, 

266.7 

12.1 

Arizona, 

Aug.  14, 

Aug.  24, 

236.4 

30.3 

Bartlett, 

'- 

Sept.    5, 

330.0 

28.8 

Beauty  of  Hebron, 

Aug.  24, 

Sept.    5, 

342.5 

48.6 

Burpee's  Superior, 

- 

Sept.    5, 

266.7 

30.3 

Burr's  No.  1, 

Aug.  12, 

Aug.  29, 

351.5 

36.4 

Cambridge  Russet, 

Aug.  12, 

Aug.  24, 

233.4 

22.7 

Carmen  No.  1,     . 

Aug.  12, 

Aug.  24, 

287.9 

36.4 

Champion  of  the  World, 

Aug.  24, 

Sept.    5, 

269.7 

42.4 

Clay  Rose,  . 

Aug.  20, 

Aug.  30, 

281.8 

33.3 

1900.] 


PUBLIC   DOCUMENT  — No.  83. 


45 


Variety  Test  Potatoes,  etc.  —  Continued. 


Ripening 
begins. 

Vines 
Dead. 

Yield  at  Rate  per  Acre, 
September  22  and  23. 

VARIETY. 

Large,  Two 
Ounces  or 

Above 
(Bushels). 

Small 
(Bushels). 

Commercial,        .        .        , 

Aug.  14, 

Aug.  30, 

197.0 

3.0 

Country  Gentleman, 

Aug.  20, 

Aug.  30, 

315.2 

51.5 

Dakota  Red, 

Aug.  19, 

Aug.  24, 

206.1 

18.2 

Dreer's  Standard, 

Aug.  20, 

Aug.  30, 

312.1 

18.2 

Dutton's  Seedling,      . 

Aug.  20, 

Aug.  30, 

363.7 

60.6 

Early  Kansas,     . 

Aug.  20, 

Aug.  30, 

330.3 

30.3 

Beauty  of  Hebron, 

Aug.  24, 

Sept.    5, 

393.9 

39.4 

Early  Minnesota, 

Aug.  20, 

Aug.  30, 

278.8 

12.1 

Early  Roberts,    . 

Aug.  12, 

Aug.  23, 

315.2 

54.5 

Early  Rochester, 

Aug.  28, 

Aug.  30, 

278.8 

21.2 

Early  Rose, 

Aug.  20, 

Aug.  30, 

351.5 

66.7 

Early  Sunrise,     . 

Aug.  20, 

Aug.  23, 

309.1 

75.8 

Extra  Early  Vermont 

Aug.  12, 

Aug.  23, 

327.3 

60.6 

Empire  State, 

Aug.  12, 

Aug.  30, 

206.1 

24.3 

Enormous,  . 

Aug.  12, 

Aug.  30, 

397.0 

15.2 

Everett, 

Aug.  23, 

Aug.  30, 

215.2 

66.7 

Fillbasket,   . 

Aug    20, 

- 

416.2 

45.5 

Garfield,      . 

Aug.  20, 

Aug.  30, 

236.4 

30.3 

German  Queen,  . 

- 

Aug.  30, 

275.8 

36.4 

Good  Times, 

- 

- 

229.1 

27.3 

Governor  Rusk,  . 

Aug.  14, 

Aug.  23, 

275.8 

9.1 

Green  Mountain, 

- 

- 

242.5 

24.3 

Howard, 

Aug.  12, 

Aug.  30, 

403.1 

61.5 

Hurst,* 

- 

Aug.    8, 

193.7 

38.2 

Mill's  Longkeeper.t 

- 

Sept.    5, 

177.6 

46.7 

Irish  Cobbler,     . 

Aug.  12, 

- 

297.0 

45.5 

Joseph, 

Aug.  12, 

Aug.  30, 

260.6 

30.0 

King  of  the  Earliest, 

Aug.  12, 

Aug.  14, 

263.6 

51.5 

King  of  the  Roses, 

- 

- 

327.3 

54.6 

Lakeside  Champion, 

- 

Aug.  30, 

254.6 

45.6 

Late  Puritan, 

Aug.  23, 

- 

336.4 

39.4 

Lee's  Favorite,    . 

Aug.  14, 

Aug.  24, 

290.9 

66.7 

Leonard  Rose,     . 

Aug.  22, 

Sept.    5, 

345.6 

57.6 

Lincoln, 

- 

Sept.    5, 

357.6 

30.3 

Maule's  Thoroughbred, 

Aug.  14, 

Sept.    5, 

321.2 

48.5 

*  Forty -one  hills. 


t  Thirty-nine  hills. 
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Variety  Test  Potatoes^  etc.  —  Continued. 


Ripening 
begins. 

Vines 
Dead. 

Yield  at  Rate  per  Acre, 
September  22  and  23. 

VARIETY. 

Large,  Two 
Ounces  or 

Above 
(Bushels). 

Small 
(Bushels). 

Mayflower,  . 

- 

Sept.    5, 

218.2 

18.3 

Mill's  Banner,     . 

- 

Sept.    5, 

272.8 

10.6 

Mill's  Prize, 

- 

Sept.    5, 

290.9 

12.1 

Money  Maker,     . 

- 

Sept.    5, 

287.9 

21.2 

Montana  Wonder, 

Aug.  12, 

Aug.  23, 

347.0 

66.7 

New  Satisfaction, 

Aug.  22, 

Sept.    5, 

297.0 

30.3 

Parker's  Market, 

Aug.  12, 

Aug.  23, 

234.9 

30.3 

Peini  Manor, 

Aug.  12, 

Aug.  23, 

339.4 

60.6 

Piugree, 

Aug.  20, 

Aug.  30, 

303.0 

24.3 

Prince  Bismark, 

Aug.  12, 

Aug.  23, 

275.8 

60.6 

Prize  Taker, 

Aug.  14, 

Sept.    5, 

275.8 

13.6 

Early  Potentate, 

- 

Aug.  23, 

230.3 

36.4 

Pride  of  Michigan, 

Aug.  12, 

Aug.  23, 

303.0 

60.6 

Prolific  Rose, 

Aug.  14, 

Aug.  30, 

351.5 

97.0 

Quick  Crop, 

Aug.  23, 

Aug.  30, 

309.1 

66.7 

Reeve's  Rose, 

Aug.  2.3, 

Sept.    5, 

345.5 

54.6 

Restaurant, 

- 

Sept.    5, 

389.4 

78.8 

Rochester  Rose, 

Aug.  14, 

Sept.    6, 

303.0 

72.7 

Rose  of  Erin, 

Aug.  14, 

Aug.  20, 

254.6 

6.1 

Rose  No.  9, 

Aug.  23, 

Aug.  30, 

236.4 

34.0 

Secretary  Wilson, 

Aug.  12, 

Aug.  23, 

290.9 

54.6 

Seneca  Beauty,    . 

- 

Sept.    5, 

345.5 

60.6 

Sir  Walter  Raleigh, 

Aug.  23, 

Sept.    5, 

260.6 

18.2 

Sir  William, 

Aug.  14, 

Sept.    5, 

309.1 

30.3 

Signal, . 

- 

Aug.  23, 

284.9 

54.6 

Somerset,     . 

- 

Sept.    5, 

278.8 

18.2 

State  of  Maine,    . 

Aug.  23, 

Sept.    5, 

333.4 

27.3 

State  of  Wisconsin, 

- 

Sept.    5, 

272.8 

15.2 

Table  King, 

Aug.  23, 

Sept.    5, 

300.0 

27.3 

Thorburn,    . 

Aug.  12, 

Aug.  24, 

357.6 

48.5 

Tonhocks,    . 

Aug.  23, 

Sept.    5, 

327.3 

57.6 

Uncle  Sam,  . 

Aug.  23, 

Sept.    5, 

330.3 

36.4 

Vanguard,   . 

- 

- 

381.8 

69.7 

Vick's  Perfection, 

Aug.  12, 

Aug.  30, 

306.1 

63.6 

Victory,  P.  and  W., 

Aug.  23, 

Aug.  30, 

321.2 

48.5 
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Variety  Test  Potatoes,  etc. — Concliulod. 


Ripening 
begins. 

Vines 
Dead. 

Yield  at  Rate  per  Acre, 
September  22  and  23. 

VARIETY. 

Large,  Two 
Ounces  or 

Above 
(Bushels). 

Small 
(Bushels). 

Vigorosa,    . 
WaBhington, 
White  Elephant, 
White  Ohio, 
White  Peachblow, 
Wisconsin  Beauty, 
Woodbury's  White, 
Early  Andees,*  . 
Early  Dawn,* 
Salzers'  Earliest,* 
Triumph,*   . 

Aug.  23, 
Aug.  23, 
Aug.  23, 
Aug.  12, 
Aug.  14, 
Aug.  12, 
Aug.  23, 
Aug.  10, 
Aug.     8, 

Aug.  30, 
Sept.    5, 
Sept.    5, 
Aug.  14, 
Aug.  30, 
Aug.  23, 
Sept.    5, 
Aug.  14, 
Aug.  12, 
Aug.    8, 
Aug.    6, 

336.4 
404.6 
406.1 
272.8 
321.2 
257.6 
318.2 
509.1 
609.1 
434.4 
460.7 

48.5 
22.7 
63.6 
48.5 
60.6 
48.5 
33.3 
84.9 
72.7 
36.4 
72.7 

*  20  hills  only  grown. 

Thirty-six  varieties  produce  a  yield  of  55  pounds  or  over 
of  large  potatoes  from  forty  hills  when  mature,  this  yield 
being  at  the  rate  of  about  333  bushels  per  acre.  These 
varieties  are  the  following:  Burr's  No.  1,  351.5;  Button's 
Seedling,  363.7;  Beauty  of  Hebron,  393.9;  Early  Rose, 
351.5  ;  Enormous,  397  ;  Fillbasket,  416.2  ;  Howard,  403.1  ; 
Late  Puritan,  336.4 ;  Leonard  Rose,  345.6  ;  Lincoln,  357.6  ; 
Montana  Wonder,  347  ;  Penn  Manor,  339.4  ;  Prolific  Rose, 
351.5;  Reeve's  Rose,  345.5;  Restaurant,  339.4;  Seneca 
Beauty,  345.5;  State  of  Maine,  333.4 ;  Thorburn,  357.6; 
Vanguard,  381.8;  Vigorosa,  339.4;  AVashington,  404.6; 
White  Elephant,  406  J  ;  Early  Andees,*  509.1;  Early 
Dawn,*  509.1 ;  Salzer's  Earliest,*  434.4  ;  Triumph,*  460.7. 

Eleven  of  these  varieties  s^ave  at  the  earlier  diffiyino;  40 
pounds  or  over  of  large  potatoes,  which  is  at  the  rate  of 
aI)out  240  bushels  per  acre.  These  varieties  are  :  Burr's 
No.  1,  262.1  ;  Button's  Seedling,  298.5  ;  Beauty  of  Hebron, 
287.9;  Early  Rose,  263.6;  Enormous,  275.8;  Howard, 
275.8  ;  Montana  Wonder,  2()0.6  ;  Peiiii  Manor,  284.9  ;  Pro- 
lific Rose,  257.6;  Vanguard,  277.6;  Vigorosa,  294. 


•  Quantity  grown  less  than  40  sets. 
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There  were  besides  19  other  varieties  giving  the  same  or 
higher  yield  at  the  earlier  digging.  These  varieties  are  : 
Carmen  No.  1,  295.5;  Country  Gentleman,  251.5;  Dreer's 
Standard,  272.8;  Early  Kansas,  298.5;  Early  Roberts, 
300;  Early  Vermont,  266.7;  Irish  Cobbler,  260.6;  King 
of  the  Earliest,  265.2;  Lakeside  Champion,  245.5;  Lee's 
Favorite,  278.8 ;  Maule's  Thoroughbred,  260.6  ;  Prince  Bis- 
marck, 269.7  ;  Prize  Taker,  244  ;  Secretary  Wilson,  266.7  ; 
Signal,  251.5;  Tonhocks,  248.5;  Vick's  Perfection,  284.9; 
Victory,  P.  and  W.,  278.8  ;  Wisconsin  Beauty,  251.5. 

It  will  be  noticed  that  the  old  Beauty  of  Hebron  and  Early 
Rose  are  found  in  both  lists,  thus  ranking  still  among  the  most 
productive  sorts,  whether  for  early  or  late  harvest. 

There  is  surely  no  lack  of  good  varieties  of  potatoes  to 
choose  from,  and  between  many  there  can  be  but  little  dif- 
ference in  value.  A  single  test  does  not  warrant  general 
conclusions.  Good  northern-grown  seed  is  in  my  opinion 
of  more  importance  than  name.  It  is,  however,  evident  that 
there  are  a  few  varieties  on  our  list  which  seem  unworthy  of 
further  trial.  Among  varieties  which  have  made  good  yields 
three  or  more  years  may  be  mentioned  :  Beauty  of  Hebron, 
Button's  Seedling,  Early  Rose,  Enormous,  Fillbasket,  Pro- 
lific Rose,  Restaurant,  State  of  Maine,  Thorburn,  Vanguard 
and  White  Elephant. 

Experiments  in  manuring  Grass  Lands. 

The  system  of  using  wood  ashes,  ground  bone  and  muriate 
of  potash,  and  manure  in  rotation  upon  grass  land  has  been 
continued.  We  have  three  large  plots  (between  two  and 
one-half  and  four  acres  each)  under  this  treatment.  Under 
this  system  each  plot  receives  wood  ashes  at  the  rate  of  1 
ton  per  acre  one  year ;  the  next  year,  ground  bone  600 
pounds  and  muriate  of  potash  200  pounds  per  acre ;  and 
the  third  year,  manure  at  the  rate  of  8  tons.  The  system 
is  so  planned  that  each  year  we  have  one  plot  under  each 
manuring.  The  manure  is  always  applied  in  the  fall,  the 
other  materials  early  in  the  spring,  —  this  year  April  21 
•  and  22. 

Plot  1,  which  this  year  received  barn-yard  manure,  ap- 
plied Nov.  16,  1898,  gave  a  yield  at  the  rate  of  2.095  tons 
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of  hay  and  0.5  ton  of  rowen  per  acre  ;  plot  2,  which  re- 
ceived bone  and  potash,  yielded  2.289  tons  of  hay  and  0.479 
ton  of  rowen ;  plot  3,  which  received  ashes  this  year, 
yielded  1.58  tons  of  hay  and  0.33  ton  of  rowen  per  acre. 
The  field  has  now  been  eleven  years  in  grass,  and  during  the 
continuance  of  the  present  system  of  manuring  (since  1893) 
has  produced  an  average  product  (hay  and  rowen  both  in- 
cluded) at  the  rate  of  6,630  pounds  per  acre.  The  plots 
when  dressed  with  manure  have  averaged  7,027  pounds 
per  acre;  when  receiving  bone  and  potash,  6,568  pounds 
per  acre ;  and  when  receiving  wood  ashes,  6,294  i)ounds  per 
acre. 

Poultry  Experiments. 

In  experiments  completed  since  our  last  annual  report 
our  attention  has  been  confined  exclusively  to  one  point, 
viz.,  the  comparison  of  a  wide  nutritive  ration  with  a  nar- 
row ration  for  egg-production  ;  or,  in  other  words,  of  a 
ration  in  which  corn  meal  and  corn  were  prominent  with 
one  in  which  these  feeds  were  replaced  with  more  nitrog- 
enous foods,  such  as  wheat  middlings,  wheat  and  oats. 
So  much  greater  is  the  cost  of  wheat  than  that  of  corn,  that 
it  seemed  desirable  to  o])tain  as  much  evidence  bearing  upon 
their  relative  value  for  egg-production  as  possible  at  an  early 
day.  If  the  latter  grain  should,  on  further  trial,  prove  so 
much  superior  to  wheat  as  our  experiments  in  1898  indi- 
cated, the  knowledge  of  the  fact  must  prove  of  enormous 
value.  Accordingly,  we  reared  on  the  scattered  colony  plan 
well-bred  pullets  of  the  White  \yyandotte.  Black  Minorca 
and  Barred  Plymouth  Rock  breeds,  planning  to  have  two 
houses  (one  on  each  feed)  with  twenty  fowls  each  of  each 
breed.  In  introducing  purchased  cockerels  for  breeding 
purposes  late  in  the  winter  we  unfortunately  carried  con- 
tagion, and  an  obscure  form  of  what  is  commonly  called 
roup  broke  out  in  such  aggravated  form  among  the  Black 
jNIinorcas,  that,  fearing  infection  of  the  fowls  in  other  houses, 
we  killed  all  the  Minorcas.  The  test  with  this  breed  was 
not,  therefore,  at  all  conclusive,  and  details  will  not  l)e  pub- 
lished. Up  to  the  time  the  test  was  closed,  however,  the 
corn-fed  Minorcas  had  laid  about  fifty  per  cent,  more  eggs 
than  the  others. 
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General  Conditions. 

The  pullets  were  first  evenly  divided  into  lots  of  twenty 
each,  being  matched  in  sets  of  two  as  closely  as  possible. 
Each  lot  occupied  a  detached  house,  including  laying  and 
roosting  room  ten  by  twelve  feet  and  scratching  shed  eight 
by  twelve  feet,  with  the  run  of  large  yards  of  equal  size 
whenever  weather  permitted.  The  winter  tests  began  Oc- 
tober 15  and  ended  April  22.  The  hens  were  all  marked 
with  leg  bands,  as  a  precautionary  measure  for  the  purpose 
of  identification  in  the  case  of  accidental  mixture  of  fowls. 

All  the  meals  and  the  cut  clover  were  given  in  the  form 
of  a  mash,  fed  early  in  the  morning.  At  noon  a  little  millet 
was  scattered  in  the  straw  with  which  the  scratching  sheds 
were  littered.  At  night  the  balance  of  the  whole  grain  was 
fed  (also  by  scattering  in  the  straw)  one  hour  before  dark. 
The  fowls  were  given  what  whole  grain  they  would  eat  up 
clean.  Water,  shells  and  artificial  grit  were  kept  before  the 
fowls  at  all  times.  About  twice  a  week  a  small  cabbage 
was  given  to  each  lot  of  fowls,  this,  like  all  other  food,  being 
weighed.  The  eggs  from  each  lot  were  weighed  weekly. 
The  fowls  were  all  weighed  at  intervals  of  about  two  months. 
Sitters  were  confined  in  a  coop  until  broken  up,  being  mean- 
while fed  like  their  mates. 

The  prices  per  hundred  weight  for  foods,  upon  which 
financial  calculations  are  based,  are  shown  below  :  — 

Wheat, $1  60 

Oats, 1  00 

Millet, 1  00 

Wheat  bran, 85 

Wheat  middlings,   ........  85 

Gluten  feed, 90 

Animal  meal,  . 1  75 

Cut  clover  rowen,    ....                 ...  1  50 

Cabbage, 25 

Corn  meal, 90 

Corn, 90 

Harrow  v.  Wide  Ration  for  Egg-production.^ 
The  experiments  were  in  one  sense  continuous,  as  the  same 
fowls  were  used  throughout ;  but  it  is  deemed  best  to  report 
the  results  obtained  during  the  cooler  months  and  those  of 
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the  warmer  months  separately,  one  being  denominated  the 
winter  exj^eriment,  the  other  the  summer  experiment.  These 
experiments  have  for  their  object  testing  the  correctness  of 
the  generally  accepted  view  that  the  laying  fowl  should 
receive  feeds  very  rich  in  nitrogenous  constituents  {i.e., 
should  have  rations  with  a  narrow  nutritive  ratio).  During 
the  tests  of  the  past  3'ear  corn  has  been  much  more  largely 
used  than  in  1898.  Then  it  replaced  about  one-half  of  the 
oats  and  wheat  usually  fed  at  night ;  this  year  the  fowls  on 
the  wide  ration  received  at  night  only  corn.  The  fowls  on 
both  rations  have  received  cut  clover  and  animal  meal  in 
equal  proportions. 

The  health  of  the  fowls  on  both  rations  has  been  uniformly 
good  through  both  the  winter  and  summer  experiments.  As 
last  year,  however,  it  is  found  to  require  the  exercise  of 
more  care  to  avoid  overfeeding  and  loss  of  appetite  among 
the  corn-fed  hens. 

Winter  Experiment, 
This  experiment,  as  has  been  earlier  stated,  began  October 
25.  This  was  much  too  early  to  make  possible  the  showing 
of  a  good  record  for  total  eggs,  since  the  pullets  did  not 
begin  to  lay  to  any  extent  until  January.  The  facts  that 
they  had  been  at  large  until  the  experiment  began,  after 
which  they  were  closely  confined,  and  that,  as  will  be  re- 
membered, November  and  December  were  very  cold  and 
stormy,  perhaps  in  large  measure  account  for  this.  All 
details  necessary  to  a  full  understanding  of  the  experiments 
and  the  results,  it  is  believed,  will  be  found  in  the  tables  :  — 

Foods  consumed,  JVarrow  v.   Wide  Ration.,  October  25  to  April  27. 


KIND   OK  FOOD. 


Wheat, 
OatB,     . 
Millet,  . 
Wheat  bran. 
Wheat  middlings, 
Gluten  feed. 
Animal  meal, 
Cut  clover  roweii, 
Corn  meal,  . 
Corn,     . 
Cabbage, 


WuiTE  Wyandotte. 


Narrow 

Ration 

(Touuds). 


333.00 

a.").  00 
57.00 

42. U 
42.11 
42.11 
42.11 
40.07 


Wide 

Ration 

(rounds). 


56.00 
42.00 


42.00 
40.00 
111.00 
408.50 
145.03 


Barred  Plymouth  Rock 


Narrow 

Ration 

(Pounds). 


333.00 
60.00 
67.50 
41.30 
41.30 
41.30 
41.30 
37.80 


Wide 

Ration 

(Pounds). 


58.00 
42.00 


42.00 
40.00 
111.00 
436.00 
190.75 
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Average  WeigJits  of  the  Fowls  (Pounds), 


DATES. 


October  25, 
January  3, 
March  17, 
April  27, 


White  Wyandotte. 


Narrow 
KatiOD. 


4.3 

4.6+ 
4.6— 
4.5— 


Wide 
Ration. 


4.3 

5.0+ 
4.7+ 
4.3- 


Barred  Plymouth  Rock. 


Karrow 
Ration. 


4.9+ 
5.1 
5.4— 
4.9— 


Wide 
Ration. 


4.9 
5.6— 
5.4+ 
4.9+ 


Number  of  Eggs  per  Month,  Narroiv  v.  Wide  Ration,  Winter  Test. 


MONTHS. 


White  Wyandotte. 


Narrow 
Ration. 


October, 

November, 

December, 

January, 

February, 

March, . 

April,   . 


1 

9 

50 

169 

213 

179, 


611 


Wide 
Ration. 


7 
33 
193 
228 
177 
199 


Barred  Plymouth  Rock. 


Narrow 
Ration. 


11 
18 
38 
27 
57 
121 
112 


Wide 
Ration. 


7 
44 
44 
83 
194 
216 
168 


Narroiv  v.  Wide  Ration  for  Egg-prodiiction,  Winter  Test. 


White 
Wyandotte. 

Barred  Plymouth 
Rock. 

Narrow 
Ration. 

Wide 
Ration. 

Narrow 
Ration. 

Wide 
Ration. 

Total  dry  matter  in  foods  (pounds),     . 

604.47 

635.97 

603.13 

661.52 

Number  of  hen  days,  not  including  males, 

3,560 

3,560 

3,424 

3,554 

Number  of  hen  days,  including  males, 

3,622 

3,622 

3,548 

h    3,678 

Gross  cost  of  food 

$9  26 

$7  30 

$9  25 

$7  68 

Gross  cost  of  food  per  egg  (cents), 

1.50 

.90  — 

2.41 

1.02 

Gross  cost  of  food  per  hen  day  (cents). 

.26  — 

.20  + 

.26 

.21 

Number  of  eggs  per  hen  day, 

.17  + 

.24  — 

.11  + 

.21  + 

Average  weight  per  egg  (ounces). 

1.91  — 

1.82  + 

1.76 

2.09 

Total  weight  of  eggs  (pounds),     . 

72.90 

95.90  — 

48.24 

98.62 

Dry  matter  consumed  per  egg  (pounds), 

.99  — 

.75  + 

1.57 

.88 

Nutritive  ratio,* 

1:4.80  — 

1:6.30 

1:4.80 

1:6.30 

*  The  term  nutritive  ratio  is  used  to  des 

gnal 

e 

;he  ratio  e 

sisting  bet 

veen  the  to 

tal  nitrog- 

enouB  and  the  non-nitrogenous  constituents  of  the  feeds  used,  the  former  being  regarded 
as  a  unit,  and  fat  multiplied  by  2.5. 
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Summer  Experiment. 
The  method  of  feeding  during  the  summer  experiment 
remained  the  same  as  in  the  winter,  save  in  two  particulars  : 
( 1 )  in  place  of  cut  clover  rowen  in  the  mash  every  morning, 
lawn  clippings  in  such  quantity  as  the  fowls  would  eat  before 
wilting  were  fed  three  times  per  week  to  the  hens  in  all  the 
houses  the  same,  and  (2)  the  feeding  of  cabbages  was  dis- 
continued. The  yards,  twelve  hundred  square  feet  in  area 
for  each  house,  were  kept  fresh  by  frequent  use  of  the  cul- 
tivator and  spade.  The  health  of  all  the  fowls  was  good 
throughout  this  experiment.     The  tables  give  all  details  :  — 

Foods  consumed,  J^arroiv  v.   Wide  Ration,  May  1  to  Septeviber  27. 


KIND   OF  FOOD. 


Wheat, 
Oats,    . 
Millet,  . 
Wheat  bran, 
Wheat  middliuge, 
Gluten  feed, 
Meat  meal,  . 
Corn  meal,  . 
Corn,     . 


White  Wyandotte. 


Narrow 

Ration 

(Pounds). 


273 
59 
10 
56 
56 
56 
66 


Wide 

Ration 

(Pounds). 


49 
129. 
368 


Babred  Plymouth  Rock. 


Narrow 

Ration 

(Pounds). 


237 
52. 
8 
40 
40 
40 
40 


Average  Weights  of  the  Fowls  (Pounds) , 


Wide 

Ration 

(Pounds.) 


42 
111 
300 


I 


DATES. 


April  27,       . 
June  2, 
August  11,   . 
September  27, 


White  Wyandotte. 


Narrow 
Ration. 


4.50 
4.14- 

4.28 
4.53 


Wide 
Ration. 


4.30  — 

4.414- 
4.68  + 
4.79 


Barbed  Plymouth  Rock. 


Narrow 
Ration. 


4.90— 

4.86 
4.88 
4.70 


Wide 
Ration. 


4.00 
4.80 
4.88 
4.91 


Number  of  Eggs  per  Month,  Narrow  v.  Wide  Ration,  Summer  Test. 


MONTHS. 


May,     .        .        .        . 
June,    .        .        .        . 

July 

August, 

September  (27  days) , 


White  Wyandotte. 


Narrow 
Ration. 


162 
140 
164 
158 
107 

731 


Wide 
Ration. 


181 
198 
213 
213 
110 

916 


Barred  Plymouth  Rock. 


Narrow 
Ration. 


124 

156 
140 
112 

87 

619 


Wide 
Ration. 


177 
217 
215 
128 
76 
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Narrow  v.   Wide  Ration  for  Egg-production,  Summer  Test. 


White 

Barred  Plymouth 

Wyandotte. 

Rock. 

Narrow 

Wide 

Narrow 

Wide 

Ration. 

Kation. 

Ration. 

Ration. 

Total  dry  matter  in  foods  (per  cent.),  . 

510.41 

534.22 

412.44 

446.35 

Number  of  heu  days,  not  including  males,  . 

2,945 

2,913 

2,400 

2,555 

Number  of  hen  days,  including  males, 

3,245 

3,213 

2,673 

2,735 

Gross  cost  of  food, 

$7  50 

$5  86 

$6  14 

$4  91 

Gross  cost  of  food  per  egg  (cents). 

1.03 

.64 

1.00 

.60 

Gross  cost  of  food  per  hen  day  (cents), 

.23 

.18  + 

.24 

.18 

Number  of  eggs  per  heu  day,        .... 

.25  — 

.31  + 

.26  — 

.32  — 

Average  weight  per  egg  (ounces). 

1.88 

1.90 

1.82 

1.77 

Total  weight  of  eggs  (pounds),     .... 

85.89 

108.70 

70.40 

89.94 

Dry  matter  consumed  per  egg  (pounds),     . 

.70 

.58 

.67 

.55 

Nutritive  ratio,* 

1:4.20 

1:6.30 

1:4.40 

1:6.30 

*  The  term  nutritive  ratio  is  used  to  designate  the  ratio  existing  between  the  total  nitrog- 
enous and  the  total  non-nitrogenous  constituents  of  the  feeds  used,  the  former  being 
regarded  as  a  unit,  and  fat  multiplied  by  2.5. 

It  will  be  seen  that  the  results  of  this  year's  experiments 
are  in  every  particular  similar  to  those  of  the  experiments 
carried  out  in  1898. 

The  following  are  the  most  essential  facts  :  — 

1.  The  wide  (rich  in  corn)  ration  appears  to  be  much 
superior  to  the  narrower  ration.  In  all  experiments,  both 
summer  and  winter,  the  hens  receiving  corn  have  laid  many 
more  eofgs  than  those  receiving  wheat. 

2.  The  differences  this  year  in  favor  of  the  wide  ration, 
upon  the  basis  of  an  equal  number  of  hen  days,  are  as  fol- 
lows :  — 


White  Wyandotte,  winter  test. 
White  Wyandotte,  summer  test, 
Barred  Plymouth  Rock,  winter  test, . 
Barred  Plymouth  Rock,  summer  test, 
Last  year  the  winter  difference  was 
Last  year  the  summer  difference  was 


41  per  cent. 

24  per  cent. 
91  per  cent. 
23  per  cent. 

25  per  cent. 
33  J  per  cent. 


3.  The  total  cost  of  feeds  was  less  for  the  wide  ration, 
and  of  course  the  cost  per  Q.2^g  was  much  less.  In  the  pro- 
duction of  one  dozen  eggs  the  saving  amounted  to  from  4| 
to  16|  cents. 

4.  The  fowls  on  the  wide  ration  gained  more  in  weight 
than  the  others.  Although  laying  many  more  eggs,  they 
averaged  at  the  end  of  the  summer  test  nearly  one-quarter 
of  a  pound  each  more  than  the  others. 
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At  the  close  of  the  summer  experiment  the  fowls  were 
most  critically  examined  by  a  number  of  different  parties, 
working  independently,  and  all  were  unanimous  in  the  con- 
clusion that  the  corn-fed  hens  were  farther  advanced  in  the 
moult  than  the  others.  In  my  own  opinion,  the  difference 
amounted  to  some  two  or  three  weeks  in  time.  The  corn- 
fed  hens  had  shed  all  their  old  tail  feathers,  the  others  but 
few  ;  the  corn-fed  hens  had  a  large  share  of  their  new  body 
feathers,  the  others  had  not  shed  the  old.  It  was  evident 
that  the  corn-fed  hens  were  sure  to  begin  laying  again  before 
the  cold  weather,  while  it  seemed  that  the  others  were  un- 
likely to  do  so.  This  judgment  has  been  verified,  for  a  small 
number  of  the  corn-fed  hens  which  were  purchased  by  the 
writer  have  already  laid  one  litter  of  eggs  since  October  1 
and  are  beginning  to  lay  a  second,  their  plumage  having 
been  perfect  for  many  weeks  (December  20). 

The  great  importance  of  an  early  moult  in  case  hens  are 
to  be  kept  over  is  recognized  by  all.  It  makes  all  the  dif- 
ference between  profit  and  a  probable  loss. 

Our  results  with  both  breeds,  both  summer  and  winter, 
are  thus  greatly  in  favor  of  the  ration  richer  in  corn  meal 
and  corn.  On  its  side  we  have:  (1)  lower  cost  of  feed; 
(2)  from  23  to  91  per  cent,  more  eggs  ;  (3)  a  far  lower  cost 
per  egg,  making  possible  a  saving  of  from  4|  to  16 1  cents 
per  dozen  in  the  food  cost  of  their  production  ;  (4)  a  greater 
increase  in  weight;  and  (5)  a  much  earlier  moult. 

It  may  here  be  remarked,  using  the  words  employed  by 
the  writer  in  a  recent  article,  "  that  nature  is  generally  a 
safe  guide ;  '  Biddy,'  kept  healthy  and  vigorous,  will  take 
corn  always  in  preference  to  wheat.  Man  conceived  the 
idea  that  wheat  is  better  for  large  egg-production.  He  has 
been  endeavoring  to  convince  the  hen  that  she  doesn't  know 
what  is  good  for  her;  and  now  it  seems  that,  after  all,  her 
instinct  and  not  his  supposedly  scientific  reasoning  has  been 
right." 

The  writer  is  aware  that  under  different  conditions  other 
results  might  follow.  It  is  here  particularly  pointed  out 
that  our  fowls  are  given  i)lenty  of  space  and  fresh  air,  and 
that  they  are  made  to  scratch  vigorously  for  their  whole 
grain. 
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REPORT   OF   THE   BOTAOTSTS. 


G.   K.   STONE,   R.    E.    SMITH. 


The  work  of  this  division  has  gone  on  steadily  during  the 
past  year,  having  been  ahuost  entirely  along  the  line  of 
vegetable  physiology  and  pathology.  A  large  amount  of 
correspondence  has  been  carried  on,  along  with  the  work  of 
investigation.  A  considerable  part  of  the  work  has  been  in 
connection  with  the  growing  of  green-house  crops,  as  in  past 
years,  lettuce,  cucumbers  and  tomatoes  receiving  especial 
attention.  The  investigations  outlined  in  our  last  report 
have  been  continued,  and  results  obtained  which  in  several 
cases  are  nearly  ready  for  publication.  The  only  entirely 
new  subject  of  importance  which  has  been  taken  up  is  that 
of  aster  diseases,  which  is  referred  to  more  fully  later  in  this 
report.  A  bulletin  on  "  The  asparagus  rust  in  Massachu- 
setts" has  been  issued,  containing  the  results  of  the  inves- 
tigation of  this  subject  up  to  1899.  A  further  consideration 
of  the  same  subject  will  be  found  in  the  present  report. 

Aster  Diseases. 
General  complaint  has  been  made  of  late  years  in  all  parts 
of  the  country  of  the  trouble  in  growing  asters,  and  at  pres- 
ent more  or  less  complete  failure  is  almost  universal.  We 
have  therefore  commenced  an  investigation  of  this  subject, 
with  a  view  to  ascertaining  the  exact  nature  of  the  trouble, 
and  what  may  be  done  to  prevent  it.  A  large  number  of 
asters  were  grown  during  the  past  season,  and,  with  the 
experience  already  gained,  it  is  planned  to  grow  many  more 
next  year,  under  various  conditions  which  have  suggested 
themselves  as  bearing  on  the  trouble.     Some  valuable  in- 
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formation  has  already  been  obtained,  and  it  is  hoped  that 
another  season's  experience  will  afford  considerable  insight 
into  the  difficulties  which  now  bid  fair  to  prevent  the  raising 
of  this  popular  and  valuable  flower. 

Some  Prevalent  Diseases  of  the  Year. 

The  following  are  some  rather  uncommon  diseases  which 
have  been  unusually  prevalent  during  the  past  season  :  — 

The  Bacterial  Cucufnber    Wilt. 

In  our  last  report  we  gave  an  account  of  a  wilting  of 
cucumber  leaves,  due  to  purely  physiological  causes.  A 
disease  of  the  same  plant,  and  having  a  very  similar  effect, 
but  caused  by  bacteria,  is  well  known,  and  appeared  in  this 
vicinity  in  out-of-door  cucumbers  this  year.  In  this  case 
the  bacteria  which  cause  the  trouble  develop  mostly  in  the 
ducts  of  the  stem  and  leaf  petioles,  multiplying  rapidly,  and 
causing  a  stoppage  of  the  flow  of  sap  and  hence  a  wilting  of 
the  leaves.  The  organisms  can  be  readily  seen,  oozing  out 
in  little  drops  from  the  cut  ends  of  affected  parts.  Pure 
cultures  may  be  easily  obtained  from  these  drops. 

No  remedy  (Jan  be  given  as  yet  for  this  disease,  other  than 
the  removal  and  burning  of  aflfected  plants. 

A  Geranium  Disease. 
In  our  annual  report  for  1897  we  described  a  leaf-spot 
disease  of  the  cultivated  geranium  (Pelargonium),  which 
was  thought  to  be  caused  by  bacteria.  It  appeared  at  that 
time  in  a  very  wet  season,  and  seemed  more  a  result  of 
the  abnormal  conditions  than  a  true  disease.  The  same 
trouble  has  been  abundant  during  the  past  season,  however, 
and  appears  to  be  a  dangerous  enemy  to  the  growth  of  this 
plant.  It  causes  small  yellow  and  dead  spots  in  the  leaves, 
so  that  they  fall  ofl',  and  the  plant  becomes  nearly  denuded 
in  the  worst  cases.  Examination  showed,  as  before,  that 
the  dead  spots  are  full  of  bacteria,  and  no  other  organisms 
could  be  found,  the  former  appearing  to  be  the  cause  of  the 
disease.     Attempts  were  made  to  isolate  the  organisms,  but 
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thus  far  without  success  ;  apparently  it  does  not  flourish 
under  ordinary  culture  methods  and  conditions.  Neverthe- 
less, we  have  here,  to  all  appearances,  a  genuine  bacterial 
disease. 

No  remedy  can  be  given  for  this  trouble,  beyond  good 
cultivation  and  the  production  of  vigorous  plants.  Cases 
have  been  seen  where  affected  plants  lost  most  of  their  leaves 
and  produced  a  new  crop,  the  latter  more  or  less  diseased, 
but  still  sufficient  to  present  a  fairly  good  appearance.  The 
use  of  fungicides  has  no  apparent  value  in  such  a  case  as  this. 

Mushmelon  Fa  ilures . 
Much  complaint  has  been  heard  during  the  past  season  in 
this  and  other  States  of  trouble  with  muskmelons.  In  our 
last  report  we  described  a  disease  of  this  plant  caused  by  a 
fungus  (^Allernaria) .  The  disease  appeared  again  this  year 
in  the  same  and  other  places,  and  some  weeks  earlier  than 
before,  so  that  spraying  experiments  which  we  had  planned 
were  begun  too  late  to  be  of  value.  Besides  this  disease, 
the  common  anthracnose  {ColleiotrichumlagenariuTn  (Pass.) 
E.  &  H.)  has  been  abundant,  and  very  destructive  both  on 
muskmelons  and  watermelons.  We  saw  one  field  of  water- 
melons of  unusually  fine  appearance  completely  ruined  by 
this  disease  within  a  week.  The  stems  and  fruit  were  the 
parts  most  aff"ected.  There  is  every  reason  to  believe  that 
the  Bordeaux  mixture  can  be  used  with  profit  in  these  cases  ; 
but  our  experience  this  year  has  shown  that  if  the  treatment 
is  not  begun  by  July  1  or  earlier,  before  any  sign  of  disease 
has  appeared,  it  will  be  entirely  useless. 

The  Maple  Leaf  Blight.  {Phyllosticta  acericola  C.  &  E.) 
This  disease,  which  affects  several  species  of  maple,  has 
been  known  for  some  time,  but  has  been  much  more  abun- 
dant than  usual  during  the  past  season.  We  have  received 
it  on  sugar  maple  from  several  different  parties.  Large  dead 
spots  are  produced  in  the  leaves,  which  become  curled  and 
distorted,  losing  all  beauty.  Beyond  this  the  actual  injury 
to  the  tree  is  probably  in  most  cases  very  slight. 
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The   Chryiianthemuin  Rust. 
This  disease,  which  Ave  first  reported  in  1897,  appear^  to 
be  on  the  decline  in  Massachusetts.     It  has  been  quite  com- 
mon the  past  season  in  various  places,  but  in  most  cases  has 
caused  no  apparent  damage. 

Some   Experiments   in   growing  Violets   in   Sterilized 

Soil. 

Some  experiments  have  been  made  this  last  year  with 
violets,  for  the  purpose  of  determining  the  relation  be- 
tween the  production  of  flowers  and  the  occurrence  of  leaf 
spots  in  sterilized  and  unsterilizcd  soil  respectively.  For 
this  purpose  cuttings  were  made  in  the  spring  from  mature 
plants  and  put  into  sterilized  sand,  after  which  they  were 
transplanted  into  sterilized  soil  and  removed  out  of  doors, 
where  they  remained  during  the  summer.  In  the  fall  they 
were  transferred  to  the  house  and  planted  in  a  bed  divided 
equally  into  two  sections,  each  of  which  consisted  of  garden 
soil  of  good  quality.  One  section  of  the  bed  was  sterilized 
and  the  other  section  was  not,  and,  in  addition  to  this,  the 
latter  was  inoculated  with  the  parasitic  nematode  Heierodera. 
It  should  be  stated,  however,  that  the  nematodes  were  not 
abundant  enough  in  the  inoculated  soil  to  do  any  harm,  as 
the  bed  was  inoculated  some  time  previous  to  setting  out 
the  violet  plants,  and,  as  no  host  plants  were  present,  they 
died,  or  at  least  they  did  not  gain  any  foothold  upon  the 
violets.  The  experiment  is  therefore  largely  one  between 
sterilized  and  unsterilizcd  soils. 

Sterilizing  the  soil  alone  gives  rise  to  beneficial  results  in 
the  growth  of  a  crop,  a  fact  which  we  have  already  called 
attention  to  in  Bulletin  55,  issued  from  this  station,  and 
various  experiments  on  different  crops  since  has  demon- 
strated the  same  thing. 

Both  of  the  beds  were  under  tolerably  equal  conditions, 
at  least  so  far  as  light  and  moisture  were  concerned ;  but  a 
ventilator  made  some  ditterence  in  the  growth  of  a  few  ])lants 
in  each  section.  The  total  number  of  plants  employed  in 
this  experiment  was  fifty-four,  and  were  of  the  variety  known 
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as  the  Schcenbrun,  which  is  not  especially  noted  as  a  flower 
producer. 

The  following   table    shows    the    results    of  the    experi- 
ment :  — 


Table  showing  the  Monthly  Production  of  Violets  in  Sterilized  and 
Unsterilized  Soil. 


DATE. 


November,  . 
December,  . 
January, 
February,    . 
March, . 
April,  . 

Total,    . 

Average, 


Number  op  Blossoms  picked. 


Unsterilized 
Soil. 


19 
62 
65 
39 
144 
482 


801 
133 


Sterilized 
Soil. 


38 
101 
125 

72 
250 
510 


1,096 

182 


Percentage 

of 

Gain. 


100 
63 

127 

84 

73 

5 


The  results  in  the  preceding  table  show  a  considerable 
increase  in  the  production  of  blossoms  as  a  result  of  sterili- 
zing the  soil.  The  percentage  of  gain  of  the  sterilized  plat 
over  that  in  the  unsterilized  was  36.  It  will  be  observed 
also  that  the  gain  in  flower  production  in  general  was  most 
marked  during  the  first  half  of  the  experiment,  and  the 
flower  production  falls  ofl"  in  the  sterilized  earths  in  the 
succeeding  months,  until  in  April,  when  the  experiment 
was  discontinued,  the  gain  was  only  5  per  cent,  over  that 
of  the  unsterilized.  The  maximum  occurred  during  the 
third  month  (January),  although  this  might  not  occur  in 
every  instance,  as  a  large  number  of  experiments  would 
probably  modify  these  results. 

Observations  were  made  in  regard  to  the  number  of  leaf 
spots  in  the  two  plats,  with  the  result  that  the  sterilized 
plats  gave  the  smallest  number,  hence  showing  that  vigor- 
ous plants  are  less  susceptible  to  fungi. 

The  methods  employed  in  sterilizing  the  soil  were  the 
same  as  those  described  on  page  54  in  Bulletin  55,  from 
this  station. 

In  regard  to  the  practice  of  sterilizing  soil  for  the  purpose 
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of  growing  plants,  wc  will  state  that,  while  there  is  no  doul)t 
as  to  the  beneficial  results  obtained  by  sterilizing  the  same 
soil  for  two  or  three  crops,  it  does  not  necessarily  follow 
that  soil  will  repeatedly  stand  this  treatment  and  give  good 
crops. 

Within  the  last  year  sterilized  soil  has  been  recommended 
for  home  culture  pur|)oses,  and  those  who  use  it  claim  to 
have  obtained  superior  results. 


The  Eelationship  existing  BET>yEEN  THE  Asparagus  Rust 
AND  THE  Physical  Properties  of  the  Soil. 

The  past  season  has  been  most  favorable  to  the  outbreak 
of  the  asparagus  rust,  which  has  manifested  itself  in  a  severe 
manner  in  the  same  localities  where  it  has  occurred  duringf 
the  last  few  years.  The  unusually  dry  spring  enabled  us  to 
predict  to  asparagus  growers  the  probable  occurrence  of  the 
rust  for  last  summer ;  and,  as  the  rust  has  usually  shown 
itself  the  season  following  an  outbreak,  regardless  of  the 
weather  conditions,  we  may  expect  to  encounter  the  same 
next  summer  (1900),  at  least  in  those  beds  which  were 
badly  affected  and  weakened  from  the  attacks  of  1899.  We 
have  endeavored  to  point  out  in  Bulletin  61,  issued  from 
this  station,  the  relationship  existing  between  dry  seasons 
and  the  occurrence  of  the  summer  or  injurious  stage  of  the 
rust,  and  also  the  susceptibility  of  plants  growing  in  locali- 
ties possessing  soil  with  little  water-retaining  [)roperties. 
Our  observations  and  experiments  during  the  past  season 
have  not  led  us  to  reverse  any  of  the  conclusions  set  forth 
in  this  bulletin,  but,  on  the  other  hand,  we  are  more  strongly 
convinced  of  their  validity.  These  conclusions  are  based 
upon  an  extensive  study  of  the  localities  atl'ected,  and  the 
object  of  the  present  article  is  to  call  attention  to  additional 
data  relating  to  the  distribution  of  the  rust  in  ]\[a;isachusetts, 
and  the  relationship  existing  between  the  outbreak  of  the 
rust  and  the  rainfall,  together  with  the  physical  properties 
of  the  soil.  For  the  past  three  seasons  we  have  paid  atten- 
tion to  the  distribution  of  the  rust  in  Massachusetts,  although 
the  regions  infected  during  the  past  summer  ( 1.S99)  scarcely 
differ  from  those  infected  during  previous  years. 
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Attention  was  first  called  to  the  asparagus  rust  in  the  fall 
of  1896.  During  1897,  although  an  extremely  wet  season, 
the  damage  by  the  rust  was  severe.  Its  occurrence  during 
this  season,  however,  was  merely  an  after-eft'ect,  the  primary 
cause  being  due  to  the  injury  caused  by  the  preceding  dry 
seasons.  In  1898  the  summer  stage  of  the  rust  was  scarcely 
perceptible ;  while  in  1899  (the  past  season)  the  rust  was 
severe,  on  account  of  the  want  of  soil  moisture.*  The  fall 
stage  of  the  rust  (black  or  teleuto  spore  stage),  which  is, 
according  to  our  estimation,  a  harmless  stage,  and  not  worth 
paying  much  attention  to,  has  been  universally  distributed 
over  the  State  since  1896.  There  has,  however,  been  some 
tendency  for  it  to  become  less  common  during  the  last  two 
years.  This  stage  usually  occurs  during  September  and 
October,  about  the  time  when  the  asparagus  plants  first 
commence  to  lose  their  green  color  and  turn  yellow,  the 
appearance  of  this  stage  being  associated  with  the  disinte- 
gration and  death  of  the  plant.  The  summer  stage  of  the 
rust  (red  or  uredo  stage),  which  is  in  every  instance  an  in- 
jurious stage,  occurs  during  July  and  August.  It  occurs 
about  July  11,  or  later,  on  beds  from  which  a  crop  has  been 
marketed,  and  spreads  very  rapidly  with  the  wind,  as  is 
evident  by  those  sides  of  the  asparagus  plant  being  first  in- 
fected which  correspond  with  the  prevailing  direction  of  the 
wind.  We  have  no  data  as  to  any  earlier  appearance  of  the 
rust  on  young  plants  which  have  not  been  cut  for  the  mar- 
ket, and  it  would  not  be  at  all  improbable  that  they  become 
infected  earlier  than  July  11.  The  summer  stage  of  the 
rust,  however,  is  limited  in  its  distribution  in  Massachusetts, 
and  is  found  only  on  those  soils  which  are  sandy,  and  pos- 
sess little  water-retaining  properties.  The  sand  increases 
as  we  approach  the  sea-coast,  and  the  soils  which  support 
asparagus  plants  affected  with  the  red  rust  are  found  with 
some  local  exceptions  in  the  eastern  part  of  the  State. 

The  summer  stage  of  the  rust  has  never  been  observed  by 
us,  nor  has  it  been  reported  (with  one  exception,  which  we 
will  refer  to  later,  and  which  is  local)  any  further  west  than 
the  towns  of  Berlin  and  Northborough,  which  are  east  of  the 

*  The  amount  of  rainfall  from  April  1  to  September  1  in  1899,  at  Amherst,  was 
14.09  inches;  that  for  the  same  period  in  1898  was  23.97  inches. 
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meridian  71^  40'.  (See  map.)  These  towns  would  appear 
to  be  on  the  border  zone  of  the  uredo  spore  outbreak,  and 
the  occurrence  of  the  rust  here  is  by  no  means  so  universal 
as  it  is  in  the  sandier  region  of  Cape  Cod.  Some  of  the 
growers  situated  upon  the  border  zones  of  infection  may 
have  the  summer  stage  badly  one  season  and  the  next  season 
be  free  from  it.  The  soil  of  this  region  offers  sufficient  dif- 
ferences in  texture  from  the  more  sandy  coast  soils,  so  that 
sound,  vigorous  plants  might  be  expected  to  ])e  proof 
against  the  rust  in  any  season,  and  the  outbreak  here  might 
be  largely  prevented  by  careful  cultivation  and  feeding  of 
the  plants. 

An  examination  of  the  map  (fig.  1)  will  show  those  por- 
tions of  Massachusetts  in  which  the  summer  stage  of  aspara- 
gus rust  has  appeared  up  to  the  present  time.  The  only 
resfion  infested  with  this  stage  of  the  rust  in  Massachusetts 
west  of  the  meridian  71^  40'  is  in  the  Connecticut  valley,  in 
the  vicinity  of  ^Montague,  where  the  soil  is  remarkably  sandy 
and  dry,  while  other  portions  of  the  Connecticut  valley 
which  possess  more  or  less  heavier  soil  have  been  entirely 
free  from  this  stage.  The  affected  area  shown  on  the  map 
is  characterized  by  a  loose  sandy  soil,  which  possesses  less 
water-retaining  properties  in  most  instances  than  the  soils 
of  their  immediate  vicinity.  In  order,  however,  to  show 
more  definitely  the  differences  existing  between  the  texture 
of  the  soils  of  the  eastern  part  of  the  State  and  those  of 
the  central  and  western  parts,  we  have  made  a  number  of 
mechanical  analyses  of  the  soils  of  various  regions,  which 
include  many  from  the  infected  asparagus  fields.  Any  one 
who  has  paid  special  attention  to  our  Massachusetts  soils 
and  their  influence  upon  the  development  of  plants  would 
not  require  a  mechanical  analysis  in  order  to  become  con- 
vinced of  the  differences  existing  between  them,  as  a  glance 
at  the  soils  in  the  field  would  be  sufficient.  Nevertheless, 
a  mechanical  analysis  will  show  us  the  exact  differences  ex- 
isting between  the  textures  of  the  soil  of  the  various  regions, 
and  we  will  moreover  be  able  to  demonstrate  the  amount  of 
dift'erence  exhibited  in  their  water-retaining  capacity.  The 
following  table  gives  the  data  of  the  mechanical  analysis* 

*  Tlio  methods  of  analysis  emplo.vcil  arc  those  of  Prof.  Milton  Wliitney. 
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of  ten  typical  surface  soils  from  various  parts  of  the  State 
between  the  Cape  and  the  New  York  State  line  :  — 

Table  I.  —  Showhig  the  Mechanical  Analyses  *  of  Ten  Massachu- 
setts Soils,  extending  from  Cape  Cod  to  Western  Massachusetts. 
—  Average  Percentage  of  Organic  Matter,  Gravel,  Sand,  Silt 
and  Clay  in  20  Grams  of  Soil. 

[Diameter  of  the  grains  in  millimetres  (1  millimetre  equals  about  V25  inch)  :  gravel, 
2-1;  coarse  sand,  1-.5;  medium  sand,  .5-. 25;  fine  sand,  .25-.  1 ;  very  fine  sand, 
.1-.05;  silt,  .05-. 01;  fine  silt,  .01-. 005;  clay,  .005-. 0001.] 
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Orleans, 

1.82 

2.20 

20.97 

31.03 

19.70 

12.26 

6.26 

2.77 

1.46 

1.37 

Bridgewatei-, 

1.86 

2.10 

17.92 

28.80 

18.85 

5.80 

19.15 

2.85 

1.34 

.66 

Eastham,    . 

1.66 

2.00 

9.38 

27.91 

25.09 

21.43 

8.70 

1.40 

.77 

1.43 

Concord,     . 

1.66 

4.19 

4.24 

10.20 

12.81 

27.93 

34.11 

1.84 

1.73 

1.08 

Attleborough, 

8.13 

7.64 

9.26 

11.15 

7.87 

11.53 

29.50 

10.95 

2.51 

1.42 

Worcester, 

3.00 

9.40 

1.65 

2.80 

4.25 

19.85 

42.95 

4.50 

2.95 

2.75 

Spencer, 

3.40 

9.80 

2.70 

4.55 

7.30 

22.35 

29.60 

6.65 

2.45 

3.25 

Montague,  . 

.90 

1.86 

.27 

4.39 

19.85 

43.88 

25.75 

2.63 

.36 

.27 

Amherst,    , 

2.98 

7.31 

.95 

1.25 

1.72 

7.28 

66.19 

6.96 

1.33 

4.13 

Pittsfield,   . 

9.50 

11.25 

5.50 

5.95 

5.02 

13.87 

36.15 

6.45 

.87 

5.40 

♦  Analyzed  by  A.  A.  Harmon  and  Asa  S.  Kiuney. 

The  first  six  soils  represent  typical  samples  taken  from 
affected  fields  in  locations  where  the  summer  stage  of  the  rust 
has  always  been  present  since  its  occurrence  in  Massachusetts, 
and  in  most  instances  where  it  has  been  severe.  The  other 
samples  are  from  towns  which  have  not  shown  the  summer 
stage  of  the  rust,  but  in  which  the  fall  stage  has  occurred. 
All  of  the  samples  are  so-called  surface  soils,  and  represent 
single  analyses.  Except  in  the  Amherst  soils  they  represent 
an  average  of  four  analyses,  while  in  the  Pittsfield  there  is 
an  average  of  two.  A  careful  examination  of  the  table  will 
show  considerable  diflference  in  the  texture  of  the  soils  of  the 
various  regions.  It  will  be  observed  that  the  coarse  elements 
are  much  more  common  in  the  coast  soils  than  in  the  inland 
soils,  and  conversely  that  the  fine  elements  are  greatly  in- 
creased in  the  inland  soils. 
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In  order  to  obtain  a  better  idea  ol"  the  relative  amounts  of 
the  various  constituents  found  in  tiie  different  soils,  we  can 
arrange  them  as  in  Table  II.,  in  which  the  average  constitu- 
ents contained  in  the  four  coast  soils  are  shown  alongside  of 
four  inland  soils  which  are  characteristic  of  the  central  and 
western  regions  of  Massachusetts.  The  four  coast  soils 
represent  badly  infested  regions,  while  the  four  inland  soils 
represent  those  in  which  only  the  fall  stage  has  occurred. 

Table  II. — Average  Percentage  of  Organic  Matter,  Gravel,  Sand, 
Silt  and  Clay  in  Orleans,  Eastham,  Concord  and  Bridgeivater 
(Coast  Soils),  and  Worcester,  Spencer,  Amherst  and  Pittsjield 
{Inland  Soils). 
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Four  coast  soils 

2.62 

13.12 

24.48 

19.11 

16.85 

16.80 

2.21 

1.32 

1.13 

Four  inland  soils, 

9.44 

2.70 

2.63 

4.57 

15.83 

18.72 

6.14 

1.90 

3.88 

The  largest  amount  of  gravel  as  shown  by  the  table  is  in 
the  Orleans  soil  from  Cape  Cod,  which  is  20.97  per  cent. ; 
the  average  for  the  whole  is  13.12  per  cent.,  against  2.70 
per  cent,  for  the  inland  soils.  What  holds  true  in  regard  to 
the  gravel  is  also  true  when  we  consider  the  coarse  sand, 
where  the  proportion  is  24.48  per  cent,  in  the  coast  soil,  to 
2.63  per  cent,  in  the  inland  soils;  while  in  the  medium  sand 
it  is  19.11  per  cent,  to  4.57  per  cent.  Only  slight  differences 
are  shown  in  the  proportion  of  fine  and  very  fine  sand  between 
the  two  regions,  although  the  coast  soils  are  ahead  in  the  for- 
mer and  the  inland  in  the  latter;  whereas  in  both  of  the  silts 
and  clay  the  largest  amounts  are  found  in  the  inland  soils. 
If  we  turn  to  the  organic  matter,  we  find  that  it  is  also  more 
abundant  in  the  inland  soil  than  it  is  in  the  coast  soil.  This 
difference  is  partly  accounted  for  by  the  fact  that  some  of  the 
samples  of  inland  soil  represent  highly  manured  soils,  adapted 
to  intensive  cultivation.  Even  making  allowances  for  this 
fact,  the  organic  matter  would  seem  higher  in  the  inland  soils 
than  in  the  coast  soils,  inasmuch  as  various  samples  of  soil 
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taken  from  inland  localities  which  were  not  manured  gave  an 
average  of  about  6  per  cent.,  or  about  three  times  as  much 
as  that  shown  by  the  coast  soils.  This  is  not  true,  however, 
of  the  coast  soils  such  as  are  used  for  general  truck  farming,  — 
as  in  the  case  of  Arlington,  for  example,  —  in  which  instance 
we  would  find  the  percentage  of  organic  matter  quite  large. 
The  amount  of  water  in  the  soils  differs  also,  which  is  caused 
by  the  analyses  of  some  of  the  samples  being  taken  at  difi'er- 
ent  times,  and  from  not  being  subject  to  the  same  air-drying 
conditions.  It  will  also  be  noticed  that  the  Attleborough 
soil  contains  an  unusually  large  amount  of  silt, — a  feature 
which  seems  to  be  peculiar  to  that  soil  alone.  As  a  rule,  the 
inland  soils  contain  a  very  large  amount  of  very  fine  sand, 
and  this  appears  to  be  especially  characteristic  of  the  Con- 
necticut valley  soils.  Some  analyses  which  we  have  made 
show  that  this  soil  sometimes  possesses  as  much  as  75  per 
cent,  of  this  constituent.  It  is  the  excessive  amounts  of  this 
constituent  of  the  soil  which  renders  the  Amherst  soil  com- 
pact, and  which  gives  to  it  an  increased  water-retaining 
capacity.  The  clay,  however,  shows  a  gradual  increase  as 
we  pass  inward,  and  in  a  less  uniform  manner  is  this  exhibited 
by  the  silt,  which  can  be  seen  by  examining  Table  HI. 


Table  III. — Showing   the  Percentage  of  Gravel-Sand,  Silt  and 
Clay  in  the  Soils  shown  in  Table  I. 


SAMPLE. 


Gravel-Sand. 


Silt. 


Clay. 


Orleans, 

Bridgewater, 

Eastbam, 

Concord, 

Attleborougb, 

Worcester,   . 

Spencer, 

Montague,    . 

Amherst, 

Pittsfleld.     . 


90.22 
90.52 
92.51 
89.35 
69.39 
71.60 
66.60 
94.15 
77.39 
66.49 


4.23 
4.16 
2.17 
3.57 
13.46 
7.45 
9.10 
2.99 
8.20 
7.32 


1.37 
1.13 
1.43 
1.08 
1.42 
2.75 
3.25 
.27 
4.13 
6.40 


There  are  inland  soils  which  contain  considerable  amounts 
of  sand,  such  as  the  Connecticut  valley  soils,  for  example, 
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thus  offeriuo:  exception  in  this  respect  to  the  surrounding 
localities.  The  Montague  soil  is  one  of  these,  and  it  will  be 
noticed  by  examining  Table  III.  that  the  percentage  of  sand 
is  ver}^  high  in  this.  It  is  not,  however,  the  coarser  varieties 
but  the  finer  which  predominate,  thus  difl'ering  widely  from 
the  sandy  soil  of  Cape  Cod.  Notwithstanding  this  variation, 
a  large  number  of  analyses  show  that  the  clay  appears  to  fol- 
low, as  a  rule,  what  might  be  termed  a  normal  amount  for 
each  particular  region.  It  is  therefore  interesting  to  note  in 
this  connection  that  the  increase  of  clay  as  we  pass  inward  is 
fully  as  characteristic  and  uniform  in  the  Massachusetts  soils 
as  is  the  decrease  of  the  sand.  The  differences  existino"  be- 
tween  the  texture  of  the  coast  and  inland  soils  are  sufficient 
to  exert  considerable  influence  upon  the  growth  of  plants. 
This  difference  is  equally  perceptible,  whether  we  see  the 
soils  in  the  field  or  in  a  table  showing  their  analyses. 

Having  paid  some  attention  to  the  physical  properties  of  a 
few  of  our  State  soils,  and  their  effect  upon  plant  develop- 
ment, we  are  able  to  ascertain  approximately  from  a  mechani- 
cal analysis  the  characteristic  properties  of  the  constituents, 
and  what  effect  they  exert  upon  the  development  of  certain 
crops.  As  a  rule,  we  can  divide  the  various  constituents 
directly  in  the  middle ;  that  is,  we  can  consider  the  four 
coarser  elements  and  the  four  finer  constituents  by  themselves. 
Such  an  arrangement  of  the  soils  is  shown  in  Table  TV. 


Table  IV.  —  Showing  Soils  as  in  Table  /.,  arranged  according  to 
the  Percentages  of  Gravel  and  Coarse,  Medium  and  Fine  Sand, 
the  Very  Fine  Saiid,  Silt  and  Clay  being  omitted. 


Orleans,  . 

83.96 

Attleborough, 

39.81 

Eastham, 

83.81 

Spencer,  . 

36.90 

Bridgewater,  . 

71.37 

Pittsfield, 

30.34 

Montague, 

68.39 

Worcester, 

28.55 

Concord, . 

65.18 

Amherst, 

11.20 

If,  for  example,  a  soil  is  rather  low  in  the  constituents 
represented  by  the  gravel  and  coarse,  medium  and  fine  sand, 
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and  correspondingly  high  in  the  remaining  constituents,  then 
we  possess  a  soil  which  is  characteristic  of  the  inland  types, 
and  will  pack  down  very  closely  when  wet.  If,  however, 
the  reverse  of  this  is  true,  we  find  a  loose,  pliable  soil,  such 
as  is  found  on  the  coast,  which  is  easily  worked  and  espe- 
cially adapted  for  truck  farming.  The  latter  soil  will  not 
retain  much  water,  it  quickly  dries  out ;  while  the  former  or 
inland  soil  will  retain  considerable  water  for  a  long  time, 
inasmuch  as  the  resistance  and  relative  amount  of  water 
maintained  by  different  soils  depends  upon  the  volume  of 
space  in  the  soil  for  the  water  to  enter,  which  in  turn  depends 
upon  the  number  of  grains  of  sand,  silt  and  clay.  In  sandy 
soils  the  space  is  not  divided  up  as  much  as  in  a  clay  soil ; 
the  grains  of  sand  being  larger,  the  spaces  between  the  grains 
are  also  larger,  there  is  less  friction,  and  the  water  moves 
downward  more  quickly.  The  order  of  arrangement  of  the 
soils  in  Table  IV.  (which  is  that  relative  to  the  coarse  material 
they  contain)  follows  very  closely  the  water-retaining  capacity 
of  the  soils,  as  we  shall  see  when  we  come  to  Table  V. 

These  are  in  part  the  principal  difierences  existing  between 
the  coast  and  inland  soil,  with  now  and  then  an  exception; 
and  the  outbreak  of  the  summer  or  injurious  stage  of  the 
asparagus  rust  is  always  characteristic  of  those  soils  which 
are  sandy  and  porous,  and  consequently  possess  little  water- 
retaining  capacity,  whether  they  are  located  near  the  coast 
or  inland.  It  should,  however,  be  borne  in  mind  that  it  is 
not  the  percentage  of  coarse  and  fine  material  alone  which  is 
responsible  for  the  character  of  a  soil,  but  the  shape  and  ar- 
rangement of  its  particles  exert  an  influence  upon  it.  Then, 
again,  the  organic  matter,  the  depth  of  the  soil  and  the  nature 
of  the  sub-soil,  as  is  well  known,  are  important  when  the 
question  of  moisture  and  dryness  is  concerned.  We  have 
already  pointed  out  that  the  four  soils  from  the  coast  contain 
less  organic  matter  than  those  from  inland  soils,  and  this  fact 
holds  good  for  the  Montague  sample  also.  If  these  soils 
were  richer  in  organic  matter,  their  water-retaining  proper- 
ties would  be  increased,  and  they  would  become  less  suscep- 
tible to  the  rust. 

In  order  to  test  the  water-retaining  properties  of  some  of 
these  samples  of  soil,  we  subjected  them  to  the  following 
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treatment.  Three  hundred  grams  of  the  air-dried  soils  were 
taken  and  put  into  a  cylinder  three  inches  wide  and  six  inches 
high,  with  a  perforated  bottom,  over  which  there  was  phiced 
a  layer  of  tilter  paper.  The  cans  containing  the  soil  were 
then  weighed,  after  which  the  samples  were  liberally  treated 
with  water  until  the}^  contained  all  that  was  possible  for  them 
to  hold.  The  cylinders  were  then  set  aside,  and  after  the 
w^ater  had  stopped  dripping  they  were  again  weighed,  and 
the  additional  weight  which  was  due  to  the  amount  of  water 
applied  was  noted.  This  represented  the  amount  of  water 
which  the  soils  could  retain.  Other  air-dried  samples  of  the 
same  soil  were  heated  in  an  oven  to  perfect  dryness,  and  by 
this  means  the  amount  of  hygroscopic  water  was  ol)tained  for 
each.  This,  being  added  to  the  amount  of  water  retained, 
gave  the  total  water  capacity  of  the  soil ;  and,  dividing  this 
sum  by  the  weight  of  water-free  soil,  which  was  obtained  by 
subtracting  the  hygroscopic  water  from  the  original  three 
hundred  grams,  we  obtain  the  percentage  of  water  which  each 
soil  is  capable  of  retaining;  or,  in  other  words, 


Water  retained  +  Hygroscopic  water 


=  fo  of  water-retain- 


Water-free  soil 
ing  capacity. 

The  following  table  gives  the  results  of  these  experiments 
in  the  order  of  water-retaining  capacity  :  — 


Table  V.  —  Showing  the  Retentivity  of  Soil  Moistures  in  Order  of 
Retaining  Capacity. 


SAMPLE. 

Water 
retained 
(Grams). 

Hygroscopic 

Water 

(Grams). 

W'elght  of 

Water-free 

Soil  (Grams). 

Percentage 
of  Water 
retained. 

Orleans,        .... 

103.0 

2.10 

297.90 

35.28 

Bridgewater, 

99.5 

.66 

299.34 

37.13 

Eastham,      .... 

115.9 

.78 

299.22 

38.99 

Montague,    .... 

144.8 

.90 

299.10 

48.71 

Concord 

145.3 

2.76 

297.24 

49.81 

Attleborough,     . 

168.9 

4.20 

295.80 

68.52 

Amheret,    .... 

200.6 

2.82 

297.18 

68.45 

As  might  be  expected,  the  coast  soils  show  the  smallest 
percentage  of  water-retaining  capacity,  and  this  percentage 
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increases  as  we  pass  inland  to  th^  heavier  soils,  as  would 
naturally  follow.  The  smallest  percentage  is  shown  by  the 
soils  from  Cape  Cod,  where  there  is  a  considerable  amount 
of  coarse  material  and  small  amounts  of  fine  material ;  while 
the  largest  percentage  is  given  by  the  Amherst  soil,  which 
contains  a  larger  amount  of  fine  material  and  a  less  amount 
of  coarse  material  than  the  coast  soils.  The  Amherst  soils 
show  68.45  per  cent,  water-retaining  capacity,  against  35.28 
per  cent,  for  the  Orleans ;  or,  in  other  words,  the  Amherst 
soil  possesses  nearly  twice  the  water-retaining  capacity  of  the 
Orleans  soil.  Only  two  determinations  were  made  of  the 
water-retaining  properties  of  the  soil  west  of  Worcester,  one 
being  at  Montague,  where  the  summer  stage  of  the  rust  is 
present,  and  the  other  at  Amherst,  where  it  has  never  oc- 
curred. These  two  determinations  are,  however,  sufficient 
for  our  purpose  ;  inasmuch  as  the  preceding  table  shows  that 
the  water-retaining  properties  of  the  soil  decrease  in  loose, 
sandy  soil,  and  increase  in  fine,  compact  soil ;  and,  as  the 
mechanical  constituents  of  such  soils  as  the  Worcester,  Spen- 
cer and  Pittsfield  are  larger  in  fine  material  and  more  closely 
resemble  the  Amherst  soil  than  those  of  the  coast,  we  would 
therefore  find  similar  water-retaining  properties. 

The  cans  containing  the  soils  were  left  in  a  room  of  even 
temperature,  and  after  five  days  had  elapsed  they  were 
weighed  asain,  with  the  folio  wins:  result :  — 

Table  VI. — Percentage  of  Water  lost  hy  the  Following  Soils  after 

Five  Days. 


Bridgewater,  . 

75.07 

Attleborough, 

46.95 

Orleans,  . 

73.78 

Montague, 

40.33 

Eastham, 

66.17 

Amherst, 

23.33 

Concord,. 

51.75 

These  results  follow  in  a  general  way  those  shown  in  Table 
V.  The  Bridgewater,  however,  lost  sJightly  more  than  the 
Orleans.  As  most  of  these  soils  were  gathered  w^ithin  a  few 
days  of  each  other,  it  may  be  of  some  interest  to  note 
the  amount  of  water  found  in  each  at  the  time  the  samples 
reached  the  laboratory.     Amherst  gave  33.60  per  cent,  of 
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water;  Montague,  11.26  percent.  ;  Orleans,  12.50  per  cent. ; 
Attleborough,  1.5.40  per  cent.  ;  Concord,  8.65  per  cent.  ; 
Eastham,  5.69  per  cent.  ;  Bridgewater,  3.74  per  cent.  These 
figures  do  not  possess  any  great  value,  but  in  a  general  way 
they  correspond  with  those  in  the  preceding  table.  The 
variation  in  the  amount  of  rainfall  in  different  parts  of  the 
State  of  course  comes  into  account  here.  We  will  state, 
however,  that  the  Amherst  soil  referred  to  was  taken  from 
an  asparagus  bed  which  has  never  had  the  rust  in  any 
stage,  —  a  fact  which  is  not  only  due  to  its  characteristic 
texture  and  the  nature  of  the  subsoil,  but  to  the  fact  that  the 
plants  have  been  thoroughly  cultivated  and  properly  fed,  and 
consequently  are  in  a  very  vigorous  condition.  According 
to  Professor  Brooks,  this  bed  has  at  times  received  a  heavy 
dressing  of  cow  manure  in  the  fall,  which  has  been  forked  in 
in  the  spring,  and  then  fertilizer  has  been  put  on  at  the  fol- 
lowing rate  per  acre  :  muriate  of  potash,  600  pounds  ;  nitrate 
of  soda,  200  pounds ;  and  acid  phosphate,  900  pounds. 

Asparagus  growers  have  stated  that  there  is  a  difference 
as  to  infection  in  different  parts  of  a  field.  Many  have  stated 
that  the  drier  places  were  the  most  badly  infested,  while 
others  could  notice  no  difference,  or  in  some  instances  those 
parts  -svhich  they  considered  the  least  dry  showed  the  rust 
the  worst.  This  latter  condition  does  not  in  any  way  affect 
our  conclusions  that  the  rust  (summer  stage)  is  peculiar  alone 
to  those  regions  that  possess  sandy  soil  which  has  little  water- 
retaining  capacity,  inasmuch  as  our  conclusions  are  general, 
and  refer  to  the  State  as  a  whole.  That  exceptions  do  occur 
even  in  a  single  bed  is  not  at  all  strange,  so  long  as  plants 
are  endowed  with  a  tendency  to  vary.  There  are  other  fac- 
tors which  have  a  bearing  on  the  susceptibility  of  plants  to 
rust  other  than  th'ose  of  soil  and  water  conditions,  among 
which  is  the  general  health  condition  or  vigor  of  the  plant. 
We  have  repeatedly  observed  in  the  same  bed  numerous 
plants  that  were  badly  infected,  while  directly  beside  them 
were  some  which  were  perfectly  healthy.  Wo  do  not  main- 
tain, however,  that,  in  a  bed  where  the  plants  possess  the 
same  amount  of  vigor  and  where  they  are  under  exactly  simi- 
lar conditions  except  in  regard  to  moisture,  those  in  the  dry 
place  will  succumb  tt>  the  rust  (|uickost   uiid   Itccome  more 
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severely  affected  than  those  located  in  dry  places.  The  prin- 
cipal feature  which  we  wish  to  emphasize  in  connection  with 
these  experiments  is  that  the  summer  stage  of  the  asparagus 
rust  is  due  to  a  weakened  condition  of  those  plants  growing 
on  dry  soil  during  seasons  of  extreme  drought.  In  other 
words,  the  plants  suffer  for  water  ;  and,  since  this  is  the  case, 
the  rational  method  of  prevention  must  take  the  amount  of 
soil  moisture  into  consideration.  It  will  not  be  out  of  place 
here  to  reflect  upon  the  present  status  of  the  rust  problem, 
and  consider  the  methods  which  should  be  employed  in  our 
endeavors  to  control  it. 

The  practice  of  spraying,  it  would  seem,  is  not  likely  to 
give  promise  of  any  remarkable  results,  because  the  asparagus 
plants  offer  diflSeulties  in  this  respect,  and  all  of  the  rusts 
are  hard  to  control,  Stewart  found,  in  his  experiments  on 
spraying  for  the  carnation  rust,  which  attacks  a  host  largely 
confined  to  greenhouses  and  therefore  much  better  under  con- 
trol, that  the  best  results  obtained  by  spraying  were  not  very 
promising.  Then,  again,  it  is  possible  that  the  asparagus 
rust  mycelium  may  be  confined  to  the  plant  throughout  the 
year,  in  which  case  the  value  of  spraying  would  be  practically 
useless.  We  have  observed  a  fungous  mycelium  in  the  roots 
and  stems  of  the  asparagus  plants  below  the  ground  long 
before  any  occurrence  of  the  rust  showed  upon  the  aerial 
stems  ;  but  whether  the  mycelium  was  identical  with  that  of 
the  rust,  or  of  other  parasitic  fungi  frequently  found  upon 
the  asparagus,  we  were  not  able  to  ascertain.  We  must 
therefore  turn  our  attention  to  other  methods  of  control,  — 
to  methods  which  will  enable  us  to  keep  the  plants  under 
more  normal  conditions  during  seasons  of  drought.  These 
methods  will  consist,  first,  of  securing  the  most  vigorous 
plants,  —  a  feature  which  is  dependent  upon  cultivation  and 
the  proper  kinds  and  amounts  of  plant  food  with  which  the 
plants  are  supplied.  There  is  considerable  difference  in  the 
plants  of  various  growers  in  this  respect ;  the  most  vigorous 
and  largest  plants  which  we  have  observed  were  situated  in 
a  dry  region,  subject  to  uredo  infection,  but  they  have  never 
suffered  from  the  rust  till  this  season.  The  amount  of  rain- 
fall between  April  1  and  September  1  of  this  year  has  been 
the  lowest  for  many  years,  and  many  beds  have  shown  the 
summer  stage  for  the  first  time  this  year.     It  is  interesting 
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to  note,  however,  that  cultivation  and  skilful  plant  feeding 
alone  have  enabled  some  beds  to  suppress  the  outbreak  of  the 
summer  stage. 

Then,  again,  the  question  of  soil  moisture  during  dry  sea- 
sons must  be  considered.  There  are  different  ways  of  secur- 
ing this,  such  as  by  irrigation,  by  increasing  the  organic 
matter  in  the  soil,  or  by  mulching.  In  selecting  a  site  for 
new  beds,  they  should  be  started  on  soil  possessing  some 
degree  of  water-retaining  capacity,  even  if  such  soil  is  not 
adapted  quite  so  well  for  asparagus  during  ordinary  seasons. 
We  are  convinced,  however,  that  soils  such  as  the  Montague 
and  Attleborough ,  which  appear  to  be  good  asparagus  soils, 
possess  enough  line  material  and  sufficient  water-retaining 
capacity  to  prevent  the  summer  outbreak,  provided  robust 
plants  are  secured.  In  fact,  we  are  informed  that  the  sum- 
mer stage  of  the  rust  has  not  appeared  on  the  beds  at  Attle- 
borough from  which  this  sample  was  taken  previous  to  this 
year.  It  is  these  extremely  light,  sandy  soils  that  have  been 
selected  for  the  largest  asparagus  beds,  because  they  appear 
to  be  best  adapted  for  its  growth.  Numerous  inquiries  from 
towns  adjoining  many  of  these  badly  infected  regions  have 
failed  to  show  any  evidence  of  injuries  from  the  rust,  as  the 
texture  of  the  soil  is  slightly  different. 

If  the  asparagus  rust  continues  to  cause  as  much  injury  in 
the  future  as  it  has  in  the  past,  it  may  become  necessary  to 
resort  to  those  soils  of  a  finer  texture  for  the  cultivation  of 
this  crop.  The  matter  of  irrigation  would  be  expensive  and 
not  readily  resorted  to  on  many  beds,  while  others  that  we 
know  of  could  be  very  easily  irrigated  by  damming  a  small 
stream  and  properly  diverting  the  course  of  the  water.  Since 
the  asparagus  rust  is  brought  about  by  drought,  and  is  there- 
fore not  likely  to  cause  much  injury  except  during  such  sea- 
sons, the  occurrence  of  the  disease  can  be  anticipated.  In 
this  respect  it  differs  from  other  common  plant  diseases,  in- 
asmuch as  we  have  to  spray  for  them  every  season,  whether 
we  know  they  are  going  to  make  their  appearance  or  not. 
An  annual  treatment  would  therefore  not  be  required.  It  is 
hoped  that  some  preventive  measures,  })ased  upon  the  reten- 
tivity  or  the  supi)lying  of  soil  moisture,  will  be  employed  by 
those  growers  who  arc  luvorably  situated  uiid  wiio  have  suf- 
fered from  the  rust. 
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REPORT   OF   THE   METEOROLOGIST. 


JOHN   E.    OSTRANOER. 


The  work  of  this  division  the  past  year  has  been  principally 
devoted  to  the  observation  of  the  various  weather  phenomena, 
together  with  the  reduction  of  the  records  and  their  arrange- 
ment in  form  for  preservation. 

The  usual  monthly  bulletins,  giving  the  more  important 
daily  records  and  a  review  of  the  character  of  the  weather, 
have  been  issued,  and  the  annual  summary  will  be  published 
as  soon  as  the  records  for  the  year  are  complete. 

Throughout  the  year  the  New  England  section  of  the  United 
States  Weather  Bureau  has  furnished  us  daily,  except  Sun- 
day, with  the  local  forecasts  of  the  weather,  and  the  signals 
have  been  displayed'  from  the  top  of  the  tower.  Arrange- 
ments have  been  made  to  furnish  them  the  weekly  snow  re- 
ports, as  heretofore. 

The  observations  relating  to  soil  temperature  and  moisture 
by  the  electrical  method,  begun  two  years  ago,  have  been 
continued  this  year.  Owing  to  the  unsatisfactory  results  of 
the  previous  years,  the  temperature  cells  and  moisture  elec- 
trodes were  tested  and  standardized  before  using  them  in  the 
field.  The  temperature  cells  were  placed  in  water  and  the 
resistances  observed.  After  the  resistances  became  constant 
for  each  cell,  the  temperature  of  the  water  was  taken  by  a 
standard  thermometer.  The  resistance  of  each  cell  was  thus 
determined,  for  temperatures  varying  by  about  10°  F.,  for  a 
range  exceeding  that  which  it  would  be  subjected  to  in  the 
field.  The  cells  were  afterward  placed  in  soil  in  a  box,  and 
the  resistances  observed  and  the  temperature  computed  by 
the  tables  in  Bulletin  No.  7  of  the  United  States  Department 
of  Agriculture,  Division  of  Soils,  and  checked  by  using  a 
standard  thermometer.     The  standardization  of  the  moisture 
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electrodes  was  effected  by  placing  them  in  soil  iu  boxes  so 
arranged  as  to  provide  for  a  proper  diffusion  throughout  the 
soil  of  water  as  added,  taking  the  resistances  and  computing 
the  percentage  of  moisture  from  the  weight.  When  after- 
ward used  in  the  field  these  electrodes  gave  more  satisfactory 
results  than  had  before  been  attained.  The  results  for  the 
corn-growing  season  of  the  current  3'ear  have  been  worked 
out.  The  observations  will  be  continued  next  year,  for  pur- 
poses of  comparison. 

The  means  of  the  various  weather  elements  for  each  month 
and  year,  for  the  ten  years  from  1889  to  1898  inclusive,  have 
been  tabulated,  and  normal  conditions  for  the  period  de- 
duced. These  results  are  of  especial  interest  for  thp  purpose 
of  noting  departures  from  normal  conditions.  The  tabula- 
tions, together  with  other  data  of  interest,  will  be  found  on 
the  following  pages. 


Meteorological  Observatory  of  the  Hatch  Experi- 
ment Station,  Massachusetts  Agricultural  College, 
Amherst. 

General  Summary^  1889-98. 

Latitude  of  observatory,  42°  23'  48.5''  N.  ;  longitude,  72° 
31'  10"  W.  Elevation  of  ground  at  base  of  observatory 
above  mean  low  water,  Boston  harbor,  223  feet,  as  determined 
by  levels  connecting  with  those  of  the  Boston  &  Maine  Rail- 
road. The  standard  barometer  is  50.5  feet  above  the  ground 
and  273,5  feet  above  sea  level.  The  Draper  self-recording 
barometer  is  51.5  feet  above  ground.  The  cup  anemometer, 
pressure  anemometer,  anemoscope  and  sun  thermometer  are 
located  on  top  of  the  tower,  72  feet  above  the  ground.  All 
temperatures  are  taken  in  the  thermometer  shelter  on  the 
campus,  about  4  feet  above  ground  and  220  feet  above  sea 
level.  The  standard  rain  gauge  is  on  the  campus,  about  2 
feet  above  the  ground  and  218  feet  above  sea  level. 
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Summary  for  the  Ten  Yearn  1889-98. 
Barovieter  (^Pressure  in  Inches'). 
Maximum,  reduced  to  freezing,  Feb.  26, 1889, 11  a.m., 
Minimum,  reduced  to  freezing,  Feb.  8,  1895,  7  a.m.,. 
Maximum,  reduced  to  freezing  and  sea  level,  Feb.  26, 

11  A.M.,      .... 
Minimum,  reduced  to  freezing  and   sea  level,  Feb.  8, 

7  A.M.,        .... 
Mean, 


Total  range, 

Greatest  annual  range,  1895, 

Least  annual  range,  1892,    . 

Mean  annual  range,     . 

Greatest  monthly  range,  January,  1891, 

Least  monthly  range,  July,  1895, 

Mean  monthly  range,  .... 


Air  Temjjcralure  (in  Degrees  F.) 
Highest,  July  20,  1894,  5  p.m., 
Lowest,  Feb.  3, 1898,  6  a.m., 

Mean, 

Total  range, 

Greatest  annual  range,  1898, 

Least  annual  range,  1891,   . 

Mean  annual  range,    . 

Greatest  monthly  range,  February,  1898, 

Least  monthly  range,  July,  1897, 

Mean  monthly  range,  .... 

Greatest  daily  range,  Feb.  18,  1892,    . 

Least  daily  range,  April  5,  1898, 

Mean  daily  range,        .... 


1889, 


1895, 


Hnmiditii. 


30.650 
28.240 

30.970 


Mean  dew  point,  . 
Mean  force  of  vapor,    . 
Mean  relative  humidity. 


28.560 

30.029 

2.410 

2. 

270 

1. 

650 

1. 

920 

1. 

930 

510 

1 

090 

98.000 

—19 

000 

47 

100 

117 

000 

115.500 

100.000 

107 

.000 

73 

.000 

36 

.000 

54 

.900 

52.500 

2 

.500 

22 

.100 

40 

.200 

.430 

73 

.500 

Precipitation  (in  Inches). 

Total  rain  or  melted  snow, 

Total  snowfall, 

Greatest  annual  precipitation,  1897,    . 

Least  annual  precipitation,  1894, 

Mean  annual  precipitation,  .... 

Greatest  monthly  precipitation,  July,  1897, 

Least  monthly  precipitation,  October,  1892, 

Mean  monthly  precipitation,       .... 


460.000 

539.300 

57.050 

32.640 

46.000 

14.510 

.660 

3.830 
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Greatest  in  twenty-foi;r  hours,  July  12-13, 1897,        .        .        .        5.650 

Greatest  in  one  hour,  July  30,  1898, 1.500 

Unusual  rains  :  1889,  June  15,  2. 10  inches  in  lour  hours  ;  1896, 
July  7,  1.10  inches  in  thirty  minutes;  1897,  June  9,  4.08 
inches  in  twenty  hours ;  July  13-14,  8  inches  in  forty-four 
hours  ;  1898,  July  30,  2.65  inches  in  two  hours  ;  September 
10,  .95  inch  in  twenty  minutes.  Number  of  days  on  which 
.01  inch  or  more  rain  or  melted  snow  fell,     ....  1,241.000 


Wi7id  (in  Miles) 
Total  movement,         .... 

Greatest  annual  movement,  1896, 

Least  annual  movement,  1894,    . 

Mean  annual  movement,     ... 

Greatest  monthly  movement,  March,  1896, 

Least  monthly  movement,  July,  1894, 

Mean  monthly  movement,  . 

Greatest  dail}^  movement,  Nov.  27,  1898, 

Least  daily  movement,  Sept.  29,  1894,  and  March  7,  1895, 

Mean  daily  movement,         ....... 

Maximum  pressure  per  square  foot,  43  pounds,  =  93  inches 
per  hour,  Sept.  11,  1895,  3  p.m. 


515,638 

59,198 

36,257 

51,566 

8,182 

1,109 

4,297 

675 

141 


Weather. 
Mean  cloudiness  observed,  . 
Total  cloudiness  by  the  sun  thermometer, 
Number  hours  bright  sunshine  recorded, 
Number  of  clear  days, .         .         .         . 
Number  of  fair  days,    .... 
Number  of  cloudy  days, 


52.40  per  cent. 

22,400  =  50.30  per  cent. 

22,120  =  49.70  per  cent. 
1,143 
1,066 
1,444 


Gales  of  75  or  more  miles  per  hour:  1889,  Dec.  26,  76,  N.W. ;  1893, 
Aug.  29,  87,  S.W. ;  1895,  Sept.  11,  93,  N.E. ;  1898,  Sept.  7,  78,  S.W. ;  Dec. 
4,  75,  E.S.E. 
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EEPORT   OF  THE  HORTICULTURIST. 


SAMUEL  T.   MATNARD. 


The  lines  of  experimentation  carried  on  by  this  division 
have  been  kept  strictly  within  the  limits  of  practical  horti- 
culture, devoting  especial  attention  to  the  growth  of  common 
fruit  and  garden  crops,  and  their  protection  from  insect  and 
fungous  pests.     " 

New  varieties  of  fruits,  vegetables,  ornamental  trees,  shrubs 
and  plants  of  promise  have  been  obtained  and  tested  under 
varying  conditions,  and  many  new  seedlings  produced.  For 
the  work  of  testing  varieties  a  large  collection  of  standard 
varieties  from  different  sections  of  the  country  have  been 
obtained,  that,  when  a  new  variety  is  to  be  tested,  careful 
comparison  may  be  made  under  conditions  where  the  exact 
value  of  standard  varieties  is  known.  As  far  as  possible, 
new  varieties  are  grown  under  many  varying  conditions, 
and  very  careful  inquiry  is  made  of  their  behavior  in  many 
localities. 

Previous  reports  have  given  the  number  of  varieties  of  the 
different  kinds  of  fruits,  vegetables,  flowers,  etc.,  under  ex- 
periment, to  which  have  been  added  the  following  number 
of  new  varieties  the  past  season  :  apples,  four ;  pears,  five  ; 
plums  (domestic),  three;  plums  (Japanese),  seven;  plums 
(American),  seven;  peaches,  five;  quinces,  two;  cherries, 
four ;  grapes,  four,  besides  numerous  seedlings ;  blackber- 
ries, three ;  red  raspberries,  two,  and  a  large  collection  of 
seedlings  ;  strawberries,  twenty,  and  many  seedlings  ;  chest- 
nuts (Japanese,  Spanish  and  native  varieties),  eight; 
walnuts  (species  and  varieties),  six;  several  new  hardy 
ornamental  trees,  shrubs  and  plants,  and  many  new  varieties 
of  ornamental  plants  for  the  greenhouse  and  summer  out- 
door decoration. 
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Immediate  results  are  constantly  called  for  in  the  case  of 
widely  advertised  new  varieties,  but  such  results  can  l)e  ob- 
tained only  under  a  series  of  seasons  and  varying  conditions 
of  growth.  This  work  of  testing  varieties  is  begun  at  once 
upon  introduction,  and  is  hastened  by  all  possible  means. 

The  experiments  under  way,  in  addition  to  the  testing  of 
varieties,  are  as  follows  :  — 

1 .  The  girdling  of  the  grape  vine  for  profit. 

2.  Spraying  fruit  trees  when  in  bloom,  to  change  the  bearing 
year. 

3.  Spraying  peach  trees  during  the  winter  with  lime,  to  protect 
the  flower  buds  from  winter-killing. 

4.  The  use  of  dilute  copper  sulfate  in  place  of  the  ammouiacal 
carbonate  of  copper. 

5.  The  testing  of  insecticides  and  fungicides. 

6.  The  testing  of  spraying  apparatus. 

7.  The  use  of  clear  kerosene  and  kerosene  and  water  for  the 
destruction  of  scale  insects  and  aphides. 

8.  The  protection  of  young  fruit  trees  from  mice. 

9.  Various  kinds  of  grafting  wax. 

10.  Various  methods  of  grafting. 

11.  Whole  roots  and  piece  roots  in  apple  root-grafting. 

12.  Different  kinds  of  stocks  for  the  pear. 

13.  Growing  seedling  fruit-tree  stocks. 

14.  The  use  of  hydrocyanic  acid  gas  for  the  destruction  of  in- 
sects under  glass. 

15.  Turf  culture  v.  cultivation  in  growing  apples. 

16.  Amount  and  kinds  of  fertilizers  needed  for  best  growth  of 
fruits. 

17.  Green  manuring  for  orchards. 

18.  Comparative  hardiness  of  varieties  of  Japanese  plums. 

19.  Growth  of  lettuce  under  glass. 

20.  Growth  of  tomatoes  under  glass. 

Assistance  has  been  given  many  horticulturists  by  visiting 
their  places  or  answering  inquiries  by  letter,  which  takes  a 
large  share  of  the  time  of  the  head  of  the  division.  Assist- 
ance has  also  been  given  in  man}-  places  in  planning  orna- 
mental i)lanting  of  home  and  pul^lic  grounds. 
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REPORT   OF   THE   ENTOMOLOGIST. 


CHARLES   H.   FERNALD. 


Since  my  last  report  the  entomological  work  of  the  station 
has  proceeded  along  its  usual  lines.  A  large  amount  of  cor- 
respondence has  been  carried  on,  and  many  letters  of  inquiry 
from  residents  of  this  State  have  been  answered.  Believing, 
however,  that  the  opportunities  afforded  by  this  division  of 
the  experiment  station  were  either  not  known  of  by  many, 
or  that  the  way  in  which  to  make  use  of  them  was  not  under- 
stood, the  following  note  on  the  work  was  prepared  :  — 

Free  Aid  for  the  People. 
Prevention  of  Loss  by  Injurious  Insects. 

The  attacks  of  injurious  insects  probably  cause  the  loss  of  seve- 
ral millions  of  dollars  in  Massachusetts  alone  each  year.  This  has 
not  always  been  the  case,  but  insects  are  becoming  more  abundant 
and  consequently  more  destructive.  Much  of  this  destruction, 
however,  could  be  either  in  part  or  wholly  prevented  if  the  proper 
methods  of  treatment  were  made  use  of,  and  that  this  is  not  more 
frequently  done  is  very  unfortunate.  It  is  probable  that  the  reason 
for  the  apparent  negligence  in  this  regard  is  due  to  ignorance  as 
to  what  the  insect  is  in  each  particular  case,  and  what  to  do  to 
prevent  its  ravages.  It  is  this  very  uncertainty  which  results  in 
nothing  being  done  in  most  cases. 

In  order  to  provide  this  information  for  residents  of  the  State, 
the  entomological  division  of  the  Hatch  Experiment  Station  at 
Amherst  offers  its  services  without  charge  to  all  who  may  desire 
them.  To  obtain  this  assistance,  write  to  the  entomologist. 
Hatch  Experiment  Station  at  Amherst,  Mass.,  describing  the 
trouble,  and  also,  if  possible,  send  samples  of  the  injury  and 
the  insect  causing  it,  and  attention  will  at  once  be  given  to  the 
matter. 

As  the  Hatch  Experiment  Station  of  Massachusetts  is  supported 
in  part  by  State  appropriation,  such  a  use  of  its  facilities  by  the 
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people  of  the  State  is  not  only  justifiable  but  most  (lesiral)le,  for 
it  was  established  for  just  tliat  purpose ;  aud  no  one  who  incurs 
loss  by  insect  ravages  can  excuse  himself  for  that  loss  except  on 
the  ground  of  ignorance  that  such  assistance  can  be  obtained. 

Over  eight  hundred  of  these  circulars  v^ere  sent  out  to  the 
newspapers,  granges  and  other  organizations  of  the  State, 
with  the  request  that  the  facts  contained  therein  be  given  the 
greatest  publicity.  As  these  slips  were  not  circulated  till 
December,  1899,  it  is  not  possible  to  ascertain  the  results, 
but  a  considerable  increase  in  the  already  large  correspond- 
ence is  anticipated  during  the  coming  year. 

Last  June  my  assistant,  Mr.  R.  A.  Cooley,  was  appointed 
professor  of  zoology  and  entomology  at  the  Montana  State 
College.  Mr.  Cooley  is  a  careful  and  thorough  investigator, 
and  proved  himself  a  very  efficient  and  valuable  assistant  to 
me.  The  loss  of  his  services  rendered  necessary  the  appoint- 
ment of  some  one  to  take  his  place.  As  it  was  advisable  for 
many  reasons  to  obtain  a  man  of  large  experience.  Dr.  H.  T. 
Fernald  of  Pennsylvania,  for  nine  years  professor  of  zoology 
and  entomology  at  the  Pennsylvania  State  College,  and  for 
the  past  two  years  State  entomologist  of  Pennsylvania,  was 
elected  associate  entomologist,  to  take  the  place  made  vacant 
by  the  resignation  of  Mr.  Cooley. 

The  Sax  Jose  Scale. 
The  San  Jose  scale  is  now  known  to  occur  in  injurious 
abundance  at  more  than  thirty  different  places  in  Massachu- 
setts,—  in  fact,  it  may  be  said  to  be  generally  distributed 
over  the  State.  It  has  probably  been  introduced  from  several 
other  States,  as  there  is  nothing  except  the  ol)jcctions  of 
purchasers  to  prevent  its  being  brought  in  on  every  plant 
purchased.  Its  presence,  however,  and  the  serious  destruc- 
tion, it  causes,  have  led  a  number  of  States  to  pass  laws 
excluding  all  stock  from  outside  their  borders  unless  accom- 
panied by  an  authorized  certificate  that  the  stock  had  been 
inspected  and  no  scale  found.  This  action  was  most  incon- 
venient for  MassachuHotts  nurserymen,  who  were  often  thus 
prevented  from  filling  orders  to  go  to  States  having  such 
laws.     To  meet  this  difficulty,  the  committee  of  the  trustees 
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of  the  college,  in  charge  of  the  experiment  station,  author- 
ized the  entomological  division  of  the  station  to  inspect  nur- 
series when  requested  to  do  so  by  their  owners,  and  to  give 
authorized  certificates  where  no  scale  is  found,  charging  for 
this  work  only  the  actual  expenses  incurred.  This  action 
was  not  a  required  one,  and  was  taken  solely  for  the  purpose 
of  accommodating  nurserymen,  many  of  whom  have  already 
shown  their  appreciation  of  the  arrangement  and  have  availed 
themselves  of  the  opportunity  thus  afibrded  them. 

Bulletin  on  Chionaspis. 
On  the  10th  of  August,  1899,  the  work  of  Mr.  R.  A. 
Cooley  on  the  different  species  of  Ohionaspis  and  Hemi- 
chionaspis  was  published  in  a  special  bulletin  of  the  station. 
This  bulletin,  treating  of  many  of  the  important  scale  insects 
which  have  recently  attracted  so  much  attention  because  of 
the  injury  they  do  to  fruit  and  other  trees,  was  fully  illus- 
trated, and  has  received  high  commendation  not  only  in  this 
country  but  also  in  Europe. 

The  Grass  Theips. 
Studies  on  the  grass  thrips  have  been  continued  during  the 
year  by  Mr.  W.  E.  Hinds,  one  of  the  senior  students,  with 
most  satisfactory  results,  and  are  published  as  an  appendix 
to  the  college  catalogue.  As  these  studies  are  largely  tech- 
nical, such  of  the  facts  as  have  an  economic  bearing  will  also 
be  published  in  a  bulletin  for  the  use  of  the  farmers  of  the 

State. 

The  Clover-head  Beetle. 

Work  on  the  clover-head  beetle  {PJiytonomus  nigrirostris) 
has  been  continued  during  the  year  by  Mr.  C.  M.  Walker, 
and  the  results  are  nearly  ready  for  publication.  Its  life 
history  has  been  nearly  completed,  and  the  best  methods  of 
treatment  are  being  investigated.  This  work  will  be  pub- 
lished as  soon  as  completed. 

Raupenleim. 

This  substance,  which  is  of  such  value  for  banding  trees 
liable  to  the  attacks  of  the  canker  worms,  tussock  moth,  etc., 
has  heretofore  been  manufactured  by  a  secret  process  in  Ger- 
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many.  During  the  past  year  the  chemist  of  the  Gypsy  Moth 
Couimission,  Mr.  F.  J.  Smith,  made  experiments  at  the 
chemical  laboratory  of  the  insectary,  to  determine  its  com- 
position. These  experiments  proved  very  successful,  and  in 
consequence  raupenleim  can  now  be  manufactured  in  this 
country  at  a  low  cost.  This  one  discovery  has  been  esti- 
mated as  worth  half  a  million  of  dollars  to  the  farmers  and 
fruit  growers  of  the  United  States. 

The  Gypsy  Moth. 

The  work  of  exterminating  the  gypsy  moth,  with  which  I 
have  been  connected  since  1891,  has  been  carried  on  during 
the  past  year  with  marked  success,  and  the  insect  has  been 
reduced  to  such  an  extent  over  almost  the  entire  territory 
that  one  who  has  kept  in  close  touch  with  the  field  work  for 
several  years  past  cannot  fail  to  be  impressed  by  the  great 
gain  that  has  been  made  towards  the  extermination  of  this 
pest. 

There  is  no  longer  an}^  question,  in  the  minds  of  those 
who  have  made  a  careful  personal  investigation  of  the  work 
throughout  the  infested  territory,  that  the  gypsy  moth  can 
be  exterminated.  Nearly  all  of  the  prominent  economic  en- 
tomologists of  this  country  have  inspected  the  work  with 
great  care,  and  have  become  fully  convinced  that  extermina- 
tion is  possible,  if  the  Legislature  each  year  prom])tly  grants 
the  full  appropriation  asked  for  this  purpose  by  the  gypsy 
moth  committee.  The  entire  responsibility  now  rests  with 
the  Legislature. 

The  Brown-tail  Moth. 

This  insect  has  now  become  widely  distributed  in  the  east- 
ern part  of  this  State,  and  even  extends  into  New  Hamp- 
shire ;  it  is  therefore  believed  to  be  impossible  to  exterminate 
this  pest  with  any  appropriations  that  the  two  States  in  which 
it  now  occurs  would  be  likely  to  make.  When  attention  was 
first  called  to  this  insect,  in  the  spring  of  1897,  the  matter 
was  laid  before  Governor  Wolcott,  who  sent  a  message  to 
the  Legislature  recommonding  an  a|)propriation  of  $10,000 
for  the  extermination  of  the  pest,  which  then  occurred  only 
in  a  very  limited  area.     It  was  believed  that  this  amount 
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would  be  suflScient  to  stamp  out  the  insect.  The  Legis- 
lature, however,  refused  to  make  any  appropriation  for  titis 
purpose,  and  the  inevitable  results  followed. 

In  consideration  of  the  failure  of  the  Legislature  to  pre- 
vent the  spread  of  the  brown-tail  moth  over  the  country,  the 
gypsy  moth  committee  have  authorized  me,  with  the  assist- 
ance of  those  associated  with  me,  to  "collect  such  infor- 
mation, both  in  this  country  and  Europe,  in  regard  to  the 
brown-tail  moth,  and  make  such  experiments  with  the  insect 
as  may  be  useful  to  the  committee  in  future  dealing  with  the 
creature  and  necessary  for  the  proper  enlightenment  of  the 
public  on  the  subject,  with  a  view  to  publish  the  said  infor- 
mation, if  it  may  appear  desirable." 

In  accordance  with  this  action  of  the  gypsy  moth  commit- 
tee a  large  amount  of  time  has  already  been  spent  on  this 
work,  but  it  is  far  from  being  completed,  and  it  is  impossible 
at  present  to  say  just  when  the  work  will  be  ready  for  pub- 
lication. 

Monograph  of  the  Pyralid^. 

I  have  been  engaged  for  many  years  in  a  critical  study  of 
the  microlepidoptera  of  North  America,  and  have  already 
published  several  monographs  on  certain  families  of  these 
insects.  I  am  now  at  work  on  a  monograph  of  the  Pyralidse, 
which  will  probably  be  ready  for  publication  some  time  this 
year. 

The  Card  Catalogue. 

The  card  catalogue  of  insects  now  contains  over  forty 
thousand  cards,  and  is  continually  growing  in  size,  as  con- 
stant additions  are  made  to  it  from  the  new  journals  and 
other  entomological  publications  as  they  are  received.  Only 
those  insects  occurring  in  North  America  have  been  catalogued 
in  the  past,  but  the  literature  of  the  scale  insects  (Coccidse) 
of  all  countries  is  now  being  added.  This  is  rendered  neces- 
sary, as  these  insects  are  being  imported  into  our  country 
from  different  parts  of  the  world  without  restriction  in  any 
State  except  California. 
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REPORT   OF   THE   CHEMIST. 


DIVISION   OF   FOODS   AND   FEEDING. 


J.   B.   LINDSEY. 

Assistants :  e.  b.  Holland,  f.  w.  mossman,  b.  k.  jones,  p.  h.  smith,  jr. 


Pakt  I.  —  Laboratory  Work. 
Outline  of  Year's  WorTc. 

Part    II.  —  Feeding    Experiments    and    Dairy 

Studies. 


Part  I. 
Extent  of  Chemical  Work. 

The  work  of  the  chemical  laboratory  connected  with  this 
department  has  materially  increased  during  the  past  year, 
notwithstanding  the  prolonged  illness  of  Dr.  Lindsey,  which 
necessitated  a  temporary  rearrangement  of  the  stafl*,  leaving 
the  bulk  of  the  analytical  work  to  be  carried  on  by  two 
assistants. 

There  have  been  sent  in  for  examination  167  samples  of 
water,  144  of  milk,  193  of  cream,  36  of  pure  and  process 
butter,  25  of  oleomargarine,  147  of  feed  stufl's  and  52  of 
miscellaneous  substances. 

In  connection  with  experiments  by  this  and  other  divisions 
of  the  station  there  have  been  analyzed  62  samples  of  milk, 
54  of  butter  and  429  of  fodders  and  feed  stuffs. 

In  addition  to  the  al)0ve,  748  samples  of  commercial  con- 
centrated feed  stutfs  have  been  collected  under  the  provision 
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of  the  feed  law,  of  which  736  samples  have  been  tested,  either 
individually  or  in  composite.  This  makes  a  total  of  2,045 
substances  analyzed  during  the  year,  as  against  1,875  last 
year  and  1,147  in  the  year  previous.  There  have  also  been 
carried  on  for  the  Association  of  Official  Agricultural  Chemists 
investigations  relative  to  the  best  methods  for  the  determina- 
tion of  starch,  pentosans  and  galactan  in  agricultural  products. 

Chaeacter  of  Chemical  Work. 
Water.  —  Sanitary  examinations  of  water  have  been  car- 
ried out,  as  in  previous  years,  according  to  the  Wanklyn 
process,   to  determine  its  general  fitness  for  domestic  pur- 
poses and  for  the  use  of  live  stock. 

Persons  whose  water  supply  is  other  than  that  of  a  city  or 
town  system  should  use  every  possible  means  to  guard  it 
against  pollution  arising  from  sinks,  vaults  and  stables,  or 
from  the  entrance  of  surface  water  and  animal  and  vegetable 
matter.  The  latter,  while  not  in  itself  highly  injurious  to 
health,  is  objectionable,  as  it  favors  the  rapid  propagation  of 
bacteria  and  other  micro-organisms.  The  detection  of  specific 
disease  germs  in  water  is,  however,  not  a  function  of  the 
chemist,  but  of  the  bacteriologist. 

Frequent  cases  of  poisoning  result  from  conducting  drink- 
ing water  through  lead  pipe,  and  such  a  practice  cannot  be 
too  severely  condemned,  for  the  poison,  once  assimilated,  is 
very  difficult  to  remove  from  the  system.  At  least  five 
samples  examined  during  the  past  year  have  shown  its  pres- 
ence. Soft  waters  as  a  rule  have  a  much  greater  solvent 
action  upon  lead  than  hard  waters.  Wells  and  springs  ought 
to  be  thoroughly  cleaned  at  regular  intervals. 

It  is  of  great  importance  that  the  utmost  care  be  exercised 
in  taking  the  sample  for  analysis,  otherwise  the  chemical  ex- 
amination, conducted  under  the  most  careful  and  exacting 
conditions,  is  of  little  or  no  value.  The  quantity  necessary 
is  two  to  three  quarts,  collected  in  a  thoroughly  cleaned  and 
well-rinsed  glass  bottle,  stoppered  with  a  new  cork,  over 
which  is  to  be  tied  a  clean  piece  of  cotton  cloth.  An  air 
space  of  about  one  inch  should  be  left  between  cork  and 
liquid,  to  allow  for  expansion.  In  case  of  pond  water,  the 
sample  should  be  taken  from  below  the  surface,  being  care- 
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fill  to  avoid  the  surface  scum  and  the  sediment  at  the  bottom. 
The  chemist's  report  upon  the  character  of  the  water  must 
necessarily  be  a  matter  of  judgment,  based  on  the  analysis 
and  the  information  furnished  liy  the  party  sending  the  sam- 
ple. Accurate  replies  to  the  following  questions  are  neces- 
sary to  a  complete  understanding  of  each  case,  and  are  for 
the  interest  of  the  person  sending  the  water :  — 

1.  Sources,  whether  from  spring,  stream,  pond,  reservoir  or 
well. 

2.  Character  of  soil  in  which  located. 

3.  Distance  from  any  possible  source  of  pollution,  and  charac- 
ter of  the  same. 

4.  Kind  of  pipe  used  for  conducting  the  water. 

Ship  samples  at  once  by  express,  charges  prepaid.  In 
making  the  report  of  an  analysis  a  printed  form  is  used, 
which  explains  the  results  so  as  to  be  readily  understood  by 
any  one. 

The  examination  of  mineral  or  spring  waters  for  which 
medicinal  properties  are  claimed,  or  those  intended  for  com- 
mercial purposes,  does  not  fall  within  the  scope  of  our  duties. 

Milk.  —  The  samples  sent  in  show  a  wide  variation  both 
in  solids  and  fat,  a  considerable  number  falling  below  the 
Massachusetts  legal  standard,*  indicating  a  need  on  the  part 
of  certain  milkmen  and  others  of  introducing  better  stock 
and  disposing  of  inferior  animals. 

In  taking  a  sample  for  analysis,  mix  the  entire  milking  by 
pouring  three  or  four  times  from  one  vessel  to  another,  and 
immediately  fill  a  pint  bottle.  Mark  each  sample,  stating 
kind  of  milk  (whole,  skim  or  buttermilk)  and  the  tests  de- 
sired, together  with  the  name  and  address  of  the  shipper; 
the  package  to  be  marked  "Immediate  Z>eUve7y,"  and  sent 
by  express,  prepaid.  Samples  sent  from  a  considerable  dis- 
tance should  be  treated  with  four  drops  of  forty  per  cent, 
formaldehyde  (obtained  at  any  apothecary's),  to  insure  the 
preservation  of  the  sample. 

Cream. — Everything  said  in  regard  to  the  sampling  and 
shipping  of  milk  applies  equally  well  to  cream. 

*  In  the  months  of  October,  November,  December,  January,  February  and 
March,  13  per  cent,  solids  and  3.7  per  cent,  fat  are  re(|uired,  but  during  the  remain- 
der of  the  year  only  12  per  cent,  solids  and  3  per  cent.  fat. 
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Butter. — In  connection  with  the  feeding  experiments  con- 
ducted at  the  barn  last  season  many  samples  of  butter  were 
analyzed,  and  very  thorough  examinations  of  the  butter  fat, 
both  in  regard  to  its  chemical  composition  and  physical  prop- 
erties, were  made. 

"  Renovated  "  or  "  process  "  butter  having  become  of  con- 
siderable prominence  in  the  market,  a  law  was  passed  by 
the  last  Legislature  forbidding  its  sale  except  when  plainly 
marked,  in  one-half  inch  type,  ' '  Renovated  butter."  Several 
samples  have  been  identified  in  this  laboratory  by  means  of 
a  microscopical  examination,  general  characteristics  of  the 
melted  fat  and  curd,  together  with  the  Reichert  number; 
and  a  much  larger  number  of  oleomargarines  have  been  iden- 
tified by  the  same  methods. 

Cattle  Feeds. — The  feed  law  passed  by  the  State  Legis- 
lature, which  took  effect  in  July,  1897,  is  apparently  meeting 
with  good  success.  The  work  is  carried  out  by  this  depart- 
ment, the  assistants  making  a  semi-annual  canvass  of  the 
State,  taking  samples  of  all  the  prominent  concentrated  feed 
stuffs.  The  samples  so  collected  are  carefully  analyzed,  and 
the  results  published  in  bulletins  from  time  to  time.  The 
purpose  of  this  work  is  to  exclude  poor  and  adulterated  feeds, 
and  to  maintain  products  of  a  uniform  grade. 

The  effect  of  the  law  on  the  quality  of  cotton  seed  meal  has 
been  very  marked.  In  the  earlier  collections  inferior  meals 
were  common,  but  during  the  present  season  but  few  were 
found,  and  the  average  protein  content  is  many  per  cent, 
higher.  Low-grade  wheat  feeds  and  oat  feeds  of  unknown 
manufacture  still  remain  in  the  market,  and  probably  will  to 
some  extent  until  a  guarantee  is  required  on  all  feeds  and 
power  given  to  enforce  the  same. 


Part    II. 


Feeding  Experiments  and  Dairy  Studies. 
An  investigation  was  instituted  last  season  to  ascertain  the 
effect  produced  on  the  quantity  and  quality  of  butter  fat  by 
feeding  ground  flax-seed  meal  containing  thirty-six  per  cent, 
of  oil,  as  compared  with  a  normal  linseed  ration. 
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Following  this,  a  long  series  of  feeding  experiments  was 
begun,  the  object  being  to  demonstrate,  if  possible,  the  effect 
of  each  of  the  food  components,  protein,  fat  and  carbohy- 
drates, as  found  in  different  feed  stuffs,  —  linseed  meal,  glu- 
ten meal,  cotton  seed  meal,  etc.,  —  upon  the  composition 
and  physical  characteristics  of  the  resulting  butter  fat.  In 
each  case  the  experiment  was  compared  with  a  standard  ration 
supposed  to  be  without  special  effect  on  the  butter  fat.  It 
is  evident  that  such  a  task  involves  a  large  amount  of  care- 
ful and  long-continued  work,  but  as  soon  as  positive  results 
are  obtained  they  will  be  published. 

Digestion  Experiments. 

Digestion  experiments  were  conducted  last  winter  and 
spring  in  the  same  careful  manner  as  in  previous  years,  using 
two  or  three  sheep  in  each  trial.  The  grains  fed  were  oat 
feed.  Parson's  $6  feed,  four  lots  of  "Bourbon"  distillers' 
grains  (brands  X.,  XX.,  XXX.  and  XXXX.),  rye  dis- 
tillers' grains,  Cleveland  flax  meal  and  Chicago  gluten  meal. 

The  digestion  coefficients,  together  with  complete  data, 
will  be  reported  at  a  later  date. 
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CHARLES   A.   GOESSMANN. 

Assistants:    henri  d,   haskins,   Charles  i.  goessmann,  samuel  w. 

WILEY. 


Part    1.  — Report  on  Official  Inspection  of  Commercial  Fertilizers. 
Part  II.  —  Report  on  General  Work  in  the  Chemical  Laboratory. 


Part  I. — Report  on  Official  Lstspection  of 
Commercial  Fertilizers  and  Agricultural 
Chemicals  during  the  Season  of  1899. 


CHARLES  A.   GOESSMANN. 


The  total  number  of  manufacturers,  importers  and  dealers 
in  commercial  fertilizers  and  agricultural  chemicals  who  have 
secured  licenses  during  the  past  season  is  67  ;  of  these,  38 
have  offices  for  the  general  distribution  of  their  goods  in 
Massachusetts,  10  in  New  York,  5  in  Connecticut,  3  in  Ver- 
mont, 3  in  Rhode  Island,  3  in  Canada,  2  in  Pennsylvania,  1 
in  Maine,  1  in  New  Jersey  and  1  in  Illinois. 
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Two  hundred  and  ninety-one  distinct  brands  of  fertilizer, 
including  chemicals,  have  been  licensed  in  the  State  during 
the  year. 

Three  hundred  and  eighty-four  samples  of  fertilizers  have 
thus  far  been  collected  in  the  general  markets  by  experienced 
assistants  in  the  station. 

Three  hundred  and  sixty-two  samples  were  analyzed  at  the 
close  of  November,  1899,  representing  289  distinct  brands 
of  fertilizer.  These  analyses  were  published  in  three  bulle- 
tins of  the  Hatch  Experiment  Station  of  the  Massachusetts 
Agricultural  College:  No.  59,  March;  No.  62,  July;  and 
No.  63,  November,  1899. 

The  samples  not  already  analyzed,  together  with  others 
that  may  be  collected  before  the  first  of  May,  1900,  will  be 
examined  with  a  view  of  being  published  in  our  spring 
bulletin. 

During  the  season  the  inspector  has  caused  samples  to  be 
taken  in  the  towns  and  villages  distributed  throughout  the 
State,  and  representing  each  county  within  the  Common- 
wealth. Wherever  more  than  one  sample  of  a  given  brand 
has  been  collected  in  different  parts  of  the  State,  a  composite 
sample  has  been  made  up  of  equal  weights  of  the  several 
samples,  and  an  analysis  made  of  the  homogeneous  mixt- 
ure. It  is  believed  that  an  analysis  of  this  nature  more 
fairly  represents  the  composition  of  the  fertilizer  than  the 
analysis  of  any  one  sample. 

It  has  not  always  been  possible  to  secure  a  complete  list 
of  the  samples  licensed  in  the  State  ;  but  as  thorough  a  can- 
vass as  possible  is  annually  made,  varying  more  or  less  the 
towns  to  be  visited  from  year  to  year,  as  seems  advisable  to 
the  inspector.  The  methods  of  sampling  are  those  laid  down 
by  our  State  laws  for  the  regulation  of  the  trade  in  com- 
mercial fertilizers. 

For  the  readers'  benefit  the  following  abstract  of  the  re- 
sults of  our  analyses  are  here  inserted  :  — 


no 
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(rt)  Where  three  essential  elements  of  plant  food  were  guaranteed  :  — 
Number  with  three  elements  equal  to  or  above  the  highest  guarantee, 
Number  with  two  elements  above  the  highest  guarantee,     .        .        . 
Number  with  one  element  above  the  highest  guarantee,        .        .        . 
Number  with  three  elements  between  the  lowest  and  highest  guarantee, 
Number  with  two  elements  between  the  lowest  and  highest  guarantee, 
Number  with  one  element  between  the  lowest  and  highest  guarantee. 
Number  with  two  elements  below  the  lowest  guarantee,      .        ,        . 
Number  with  one  element  below  the  lowest  guarantee,         .        . 

(6)  Where  two  essential  elements  of  plant  food  were  guaranteed  :  — 
Number  with  two  elements  above  the  highest  guarantee, 
Number  with  one  element  above  the  highest  guarantee, 
Number  with  two  elements  between  the  lowest  and  highest  guarantee, 
Number  with  one  element  between  the  lowest  and  highest  guarantee. 
Number  with  two  elements  below  the  lowest  guarantee,      . 
Number  with  one  element  below  the  lowest  guarantee,         .        .        . 

(c)  Where  one  essential  element  of  plant  food  was  guaranteed  :  — 

Number  above  the  highest  guarantee, 

Number  between  lowest  and  highest  guarantee, 

Number  below  lowest  guarantee, 


16 

27 
73 
88 
84 
53 
19 
68 

7 

32 
20 
27 

2 
18 

10 
16 
10 


A  comparison  of  the  above-stated  results  of  our  inspection 
with  the  results  of  1898  shows,  on  the  whole,  a  marked 
superiority  in  favor  of  the  samples  analyzed  in  1899. 

Wherever  a  discrepancy  has  arisen  between  the  results  of 
our  analyses  and  the  manufacturer's  guarantee,  it  has  been 
evident  that  imperfect  mixing  has  been  the  cause,  and  not  a 
desire  of  the  manufacturer  to  place  inferior  goods  on  the 
market.  It  should  be  remembered,  when  purchasing  fer- 
tilizers, that  the  responsibility  of  the  manufacturer  or  dealer 
ends  with  furnishing  an  article  corresponding  in  its  composi- 
tion with  the  lowest  stated  guarantee  of  each  of  the  three 
essential  elements  of  plant  food. 

From  a  careful  scrutiny  of  the  results  of  analyses  published 
in  the  three  bulletins  during  the  year  it  becomes  an  easy  mat- 
ter for  the  farmer  to  intelligently  select  his  fertilizers  for  the 
next  year's  consumption,  always  bearing  in  mind  that  the 
fertilizer  costing  the  least  per  ton  is  not  always  the   most 
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economical  fertilizer  to  buy,  but  rather  the  one  that  will  fur- 
nish the  greatest  amount  of  nitrogen,  potassium  oxide  and 
phosphoric  acid,  in  a  suitable  and  available  form,  for  the 
same  money. 


Trade    Values   of  Fertilizing  Ingredients   in  Maio   Materials   and 
Chemicals^  189S  and  1899  {Cents  per  Pound). 


1898.     1899 


Nitrogen  in  ammonia  salts 

Nitrogen  in  nitrates 

Organic  nitrogen  in  dry  and  fine  ground  fish,  meat,  blood  and  in  high 

grade  fertilizers. 
Organic  nitrogen  in  fine  bone  and  tankage 

Organic  nitrogen  in  medium  bone  and  tankage, 

Phosphoric  acid  soluble  in  water, 

Phosphoric  acid  soluble  in  ammonium  citrate, 

Phosphoric  acid  in  fine-ground  fish,  bone  and  tankage. 

Phosphoric  acid  in  cotton-seed  meal,  castor  pomace  and  wood  ashes, 

Phosphoric  acid  in  coarse  fish,  bone  and  tankage,  .... 

Phosphoric  acid  insoluble  (in  water  and  in  ammonium  citrate)  in  mixed 

fertilizers. 
Potash  as  sulfate  (free  from  chlorides) 

Potash  as  muriate 


14.00 

13.00 

14.00 

13.50 

10.00 

4.50 

4.00 

4.00 

4.00 

3.60 

2.00 

6.00 

4.25 


15.00 

12.50 

14.00 

14.00 

10.00 

4.50 

4.00 

4.00 

4.00 

2.00 

2.00 

5.00 

4.26 


The  cost  of  some  of  the  leadino;  forms  of  nitrogen  shows 
an  increase,  as  compared  with  the  preceding  year,  1898. 

The  above  trade  values  are  based  on  the  market  cost, 
during  the  six  months  preceding  March,  1899,  of  standard 
raw  materials  which  arc  largely  used  in  the  manufacture  of 
compound  fertilizers  found  in  our  markets 
is  a  list  of  such  materials  :  — 


The  following 


Sulfate  of  amraouia. 

Azotine. 

Cotton-seed  meal. 

Linseed  meal. 

Bone  and  tankage. 

Dissolved  bones. 

Acid  phospliate. 

High-grade  sulfate  of  potash. 

Sulfate  of  potash  and  magnesia. 

Sylvinito. 


Nitrate  of  soda. 

Dried  blood. 

Castor  pomace. 

Dry  ground  fish. 

Dry  ground  meat. 

Ground  phosphate  rock. 

Refuse  bone-black. 

Muriate  of  potash. 

Kainite. 

Crude  saltpetre. 
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How  to  use  the  fable  of  trade  values  in  calculating  the  ap- 
proximate value  of  a  fertilizer :  Calculate  the  value  of  each 
of  the  three  essential  articles  of  plant  food  (nitrogen,  phos- 
phoric acid  and  potassium  oxide,  including  the  different 
forms  of  each  wherever  different  forms  are  recognized  in  the 
table)  in  one  hundred  pounds  of  the  fertilizer,  and  multiply 
each  product  by  twenty,  to  raise  it  to  a  ton  basis.  The 
sum  of  these  values  will  give  the  total  value  of  the  fertilizer 
per  ton  at  the  principal  places  of  distribution.  An  example 
will  suffice  to  show  how  this  calculation  is  made  :  — 

Analysis  of  Fertilizer   {Pounds  in   One  Hundred  Pounds   of 
Fertilizer) . 

Nitrogen, 4 

Soluble  phosphoric  acid, 8 

Reverted  phosphoric  acid, 4 

Insoluble  phosjjhoric  acid, 2 

Potassium  oxide  (as  sulfate), 10 


Value  per 

One  Hundred 

Pounds. 

Value  per 

Two  Thousand 

Pounds. 

Four  poTindB  nitrogen,  at  14  cents, 

Eight  pounds  soluble  phosphoric  acid,  at  i\  cents,     . 
Four  pounds  reverted  phosphoric  acid,  at  4  cents. 
Two  pounds  insoluble  phosphoric  acid,  at  2  cents,     . 
Ten  pounds  potassium  oxide,  at  5  cents 

$0.56X20 
.36x20 
.16X20 
.04X20 
.50X20 

=$11.20 
=     7.20 

=     3.20 

=       .80 

=  10.00 

$32.40 

The  following  table  gives  the  average  analysis  of  officially 
collected  fertilizers  for  1899  :  — 
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List  of  Manufacturers  and  Dealers  tvho  have  secured  Certificates  for 
the  Sale  of  Commercial  Fertilizers  in  the  State  of  Massachusetts 
during  the  Past  Year  {May  1,  1899,  to  May  1,  1900),  and  the 
Brands  licensed  by  Each. 


The  Armour  Fertilizer  Works,  Chicago, 
111.:  — 
Bone  Meal. 
Bone  and  Blood. 
Anamoniated  Bone  and  Potash. 
All  Soluble. 

Bone,  Blood  and  Potash. 
Grain  Grower. 
Fruit  and  Root  Crop  Special. 

Wm.  H.  Abbott,  Holyoke,  Mass. :  — 
Eagle  Brand  for  Grass  and  Grain. 
Complete  Tobacco  Fertilizer. 
Animal  Fertilizer. 

American   Cotton  Oil   Co.,  New  York, 
N.  Y. :  — 
Cotton-seed  Meal. 
Cotton-hull  Ashes. 


The  American  Jadoo  Co. 
Pa.:  — 
Jadoo  Liquid. 


Philadelphia, 


Butchers'  Rendering  Co.,   Fall  River, 
Mass. :  — 
Bone  and  Tankage. 

Bartlett  &  Holmes,  Springfield,  Mass. :  — 
Pure  Ground  Bone. 
Animal  Fertilizer. 
Tankage. 

The  East  India  Chemical  Works  (H.  J. 
Baker  &  Bro.,  proprietors).  New  York, 
N.  Y. :  — 

Standard  Un  X  Ld  Fertilizer. 

Special  Complete  Strawberry  Ma- 
nure. 

Special  Complete  Potato  Manure. 

Special  Complete  Cabbage  Manure. 

Special  Complete  Grass  and  Lawn. 

Complete  Manure  for  General  Use. 

Pure  Ground  Raw  Bone. 

Castor  Pomace. 

C.  A.  Bartlett,  Worcester,  Mass. :  — 
Fine-ground  Bone. 
Animal  Fertilizer. 

Berkshire  Mills  Co., Bridgeport, Conn.  :— 
Complete  Fertilizer. 
Ammoniated  Bone  Phosphate. 


Hiram  Blanchard,  Eastport,  Me.  :- 
Fish,  Bone  and  Potash,  <ir>B. 

Fish  Scrap  No.  2,  <^  B. 

Bowker  Fertilizer  Co.,  Boston,  Mass. :  — 

Stockbridge  Special  Manures. 

Bowker's  Hill  and  Drill  Phosphate. 

Bowker's  Farm  and  Garden  Phos- 
phate. 

Bowker's  Lawn  and  Garden  Dress- 
ing. 

Bowker's  Special  Fertilizers. 

Bowker's  Potatoes  and  Vegetables. 

Bowker's  Fish  and  Potash,  Square 
Brand. 

Bowker's  Potato  Phosphate. 

Bowker's  Market-garden  Manure. 

Bowker's  Sure  Crop  Phosphate. 

Bowker's  High-grade  Fertilizer. 

Bowker's  Bone  and  Wood  Ash  Fer- 
tilizer. 

Bowker's  Essex  County  Fertilizer. 

Bowker's  Ground  Bone. 

Gloucester  Fish  and  Potash. 

Nitrate  of  Soda. 

Dissolved  Bone-black. 

Muriate  of  Potash. 

Sulfate  of  Potash. 

Dried  Blood. 

Wood  Ashes. 

William      E.      Brightman,      Tiverton, 
R.  I.:  — 
Brightman's   Potato  and  Root  Ma- 
nure. 
Brightman's  Phosphate. 
Brightman's  Fish  and  Potash. 

Bradley  Fertilizer  Co.,  Boston,  Mass. :  — 
Bradley's  Drj'  Ground  Fish. 
Bradley's  Strawberry  Manure. 
Bradley's  English  Lawn  Fertilizer. 
Bradley's  New  Method  Fertilizer. 
Bradley's  Eclipse  Phosphate. 
Bradley's  Niagara  Phosphate. 
Bradley's  Columbian  Fish  and  Pot- 
ash. 
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Bradley  Fertilizer  Co.—  Con. 

Bradley's  Circle  Brand  Extra  Fine- 
ground  Bone  with  Potash. 
Bradley's  X.  L.  Phosphate. 
Bradley's  Potato  Manure. 
Bradley's  Potato  Fertilizer. 
Bradlej-'s  Complete  Manures. 
Bradley's  Fish  and  Potash. 
Bradley's  Corn  Phosphate. 
Bradley's  Fine-ground  Bone. 
Ammoniated  Bone  Phosphate. 
Breck's  Lavrn  and  Garden  Dressing. 
Dissolved  Bone-hlack. 
Sulfate  of  Potash. 
Muriate  of  Potash. 
Nitrate  of  Soda. 
Kainite. 

Josepli  Breck  &  Sons.,  Boston,  Mass. :  — 
Breck's  Market-garden  Manure. 

Daniel  T.  Church,  Providence,  R.  I.  (E. 
M'ilcox,  general  agent)  :  — 
Church's  B.  Special  Fertilizer. 
Church's  C.  Standard  Fertilizer. 
Church's  D.  Fish  and  Potash. 

Clark's  Cove  Fertilizer  Co.,  Boston, 
Mass. :  — 

Clark's  Cove  Ba}'  State  Fertilizer, 
G.  G. 

Clark's  Cove  King  Philip  Guano. 

Clark's  Cove  AVhite  Oak  Pure 
Ground  Bone. 

Clark's  Cove  Baj'  State  Potato  Ma- 
nure. 

Clark's  Cove  Great  Planet  Manure. 

Clark's  Cove  Bay  State  Fertilizer. 

Fish  and  Potash. 

Potato  Fertilizer 

High-grade  Sulfate  of  Potash. 

Muriate  of  Potash. 

Nitrate  of  Soda. 

Cleveland  Dryer  Co.,  Boston,  Mass. :  — 
Cleveland  Fertilizer 
Cleveland  Potato  Phosphate. 
Cleveland  Superphosphate. 
Cleveland  Grass  Fertilizer. 
Cleveland   Corn  and    Grain    Phos- 
phate. 

E.  Frank  Coe  Co.,  New  York,  N.  Y.  :  — 
E.   Frank    Coe's    High-grade   Am- 
moniated Bone  Superphosphate. 
E.  Frank  Coe's  High-grade  Potato 
Fertilizer. 


E.  Frank  Coe  Co.  —  Co?i. 

E.  Frank  Coe's  Bay  State  Phos- 
phate. 

E.  Frank  Coe's  Fish  Guano  and 
Potash. 

E.  Frank  Coe's  Gold  Brand  Excel- 
sior Guano. 

E.  Frank  Coe's  Tobacco  and  Onion 
Fertilizer. 

E.  Frank  Coe's  Vegetable  and  Vine 
Fertilizer. 

Crocker  Fertilizer  and  Chemical  Co., 
Butralo,  N.  Y.:  — 

Crocker's  Vegetable  Bone  Super- 
phosphate. 

Crocker's  Special  Potato  Manure. 

Crocker's  General  Crop  Phosphate. 

Crocker's  A.  A.  Complete  Manure. 

Crocker's  Potato,  Hop  and  Tobacco 
Phosphate. 

Crocker's  Ammoniated  Wheat  and 
Corn  Phosphate. 

Crocker's  New  Rival  Ammoniated 
Superphosphate. 

Crocker's  New  England  Tobacco 
and  Potato  Grower. 

Cumberland  Bone  Phosphate  Co.,  Bos- 
ton, Mass. : — 

Cumberland  Phosphate. 
Cumberland  Potato  Fertilizer. 
Cumberland     Concentrated     Phos- 
phate. 
Cumberland  Fertilizer. 

Chas.  M.  Cox  &  Co  ,  Boston,  Mass. :  — 
Cotton-seed  Meal. 

L  B.  Darling  Fertilizer  Co.,  Pawtucket, 
R.  I.:  — 

Potato  and  Root  Crop. 
Animal  Fertilizer. 
Blood,  Bone  and  Potash. 
Fine  Bone, 
Tobacco  Grower. 
Special  Formula. 
Nitrate  of  Soda. 
Muriate  of  Potash. 
Farm  Favorite. 

John  C.  Dow  &  Co.,  Boston,  Mass. :  — 
Pure  Ground  Bone. 

Eastern  Chemical  Co.,  Boston,  Mass.:  — 
Imperial  Liquid  Plant  Food. 
Imperial  Liquid  Grass  Fertilizer. 
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Elbert  &  Gardner,  New  York,  N.  Y. :  — 
Cotton-seed  Meal. 

Wm.  E.  Fyfe  &  Co.,  Clinton,  Mass.  :  — 
Canada  Wood  Ashes. 

T.  H.  Frowley,  Brookline,  Mass. :  — 
Wood  Ashes. 

Great  Eastern  Fertilizer  Co.,  Rutland, 
Vt.:  — 
Garden  Special. 
Vegetable,  Vine  and  Tobacco. 
Northern  Corn  Special. 
General  Fertilizer. 
Grass  and  Oats. 

Thomas  Hersom  &  Co.,  New  Bedford, 
Mass. :  — 
Bone  Meal. 
Meat  and  Bone. 

F.     E.     Hancock,     Walkerton,    Ont., 
Can. : — 
Canada       Unleached       Hardwood 
Ashes. 

Thomas  Kirley,  South    Hadley  Falls, 
Mass. :  — 
Pride  of  the  Valley. 

Lowell  Fertilizer  Co.,  Boston,  Mass. :  — 
Swift's  Lowell  Bone  Fertilizer. 
Swift's  Lowell  Animal  Brand. 
Swift's  Lowell  Potato  Phosphate. 
Swift's  Lowell  Market  Garden  Ma- 
nure. 
Swift's  Lowell  Fruit  and  Vine. 
Swift's  Lowell  Lawn  Dressing. 
Swift's  Lowell  Tobacco  Manure. 
Swift's  Lowell  Ground  Bone. 
Swift's  Dissolved  Bone  and  Potash. 

Lister's  Agricultural  Chemical  Works, 
Newark,  N.  J. :  — 
Lister's  Success  Fertilizer. 
Lister's  Special  Potato  Fertilizer. 
Lister's  Celebrated  Onion  Fertilizer. 
Lister's  Special  Tobacco  Fertilizer. 
Lister's     High-grade     Special    for 
Spring  Crops. 

Lowe  Bros.  &  Co.,  Fitchburg,  Mass. :  — 
Tankage. 

F.  R.  Lalor,  Dunnville,  Ontario,  Can. :  — 
Canada  Hardwood  Ashes. 


The  Mapes  Formula  and  Peruvian  Guano 
Co.,  New  York,  N.  Y. :  — 
Mapes  Bone  Manures. 
Mapes  Superphosphates. 
Mapes  Special  Crop  Manures. 
Economical  Potato  Manure. 
Tobacco  Ash  Constituents. 
Sulfate  of  Potash. 
Sulfate  of  Ammonia. 
Nitrate  of  Soda. 
Double  Manure  Salt. 

Geo.  L.  Munroe,  Oswego,  N.  Y. :  — 

Pure     Canada     Unleached     Wood 

Ashes. 

McQuade  Bros.,  West  Auburn,  Mass. :  — 
Fine-ground  Bone. 

E.  McGarvey  &  Co.,  London,  Ontario, 
Can. :  — 
Unleached  Hardwood  Ashes. 

Niagara   Fertilizer   Works,   BuflFalo, 
N.  Y.:  — 
Niagara  Wheat  and  Corn  Producer. 
Niagara  Potato,  Tobacco  and  Hop 
Fertilizer. 

Pacific  Guano  Co.,  Boston,  Mass. :  — 
High-grade  General  Fertilizer. 
Soluble  Pacific  Guano. 
Potato  Special. 
Nobsque  Guano. 
Grass  and  Grain  Fertilizer. 
Pacific  Guano   with  ten   per  cent. 

Potash. 
Fish  and  Potash. 
Special  Potato  Manure. 

Packers  Union  Fertilizer  Co.,  New  York, 
N.  Y.:  — 
Animal  Corn  Fertilizer. 
Potato  Manure. 
Universal  Fertilizer. 
Wheat,  Oats  and  Clover. 
Gardeners'  Complete  Manure. 

A.  W.  Perkins  &  Co.,  Rutland,  Vt. ;  — 
Plantene. 

Parmenter    &    Polsey    Fertilizer    Co., 
Peabody,  Mass. :  — 
Special   Strawberry    Brand    Fertil- 
izer. 
Plymouth  Rock  Brand. 
Special  Potato  Fertilizer. 
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Parmenter    &    Polsey   Fertilizer    Co. 

—  C07l. 

P.  &  P.  Potato  Fertilizer. 
Star  Brand  Superphosphate. 
A.  A.  Brand. 
Ground  Bone. 
Muriate  of  Potash. 
Nitrate  of  Soda. 

Prentiss,     Brooks    &     Co.,    Holyoke, 

Mass.:  — 
Complete  Manures. 
Superphosphate. 
Nitrate  of  Soda. 
Muriate  of  Potash. 
Sulfate  of  Potash. 

Quinnipiac  Co.,  Boston,  Mass. :  — 
Quinnipiac  Onion  Manure. 
Quinnipiac  Havana  Tobacco  Fertili- 
zer. 
Quinnipiac  Dry  Ground  Fish. 
Quinnipiac  Phosphate. 
Quinnipiac  Potato  Manure. 
Quinnipiac  Market-garden  Manure. 
Quinnipiac  Fish  and  Potash. 
Quinnipiac  Grass  Fertilizer. 
Quinnipiac  Corn  Manure. 
Quinnipiac  Potato  Phosphate. 
Quinnipiac  Climax  Phosphate. 
Quinnipiac  Pure  Bone  Meal. 
Dissolved  Bone-black. 
Nitrate  of  Soda. 
Muriate  of  Potash. 
Sulfate  of  Potash. 

The  Rogers  &  Hubbard  Co.,  Middle- 
town,  Conn. : — 

Hubbard's  Pure  Raw  Knuckle  Bone 
Flour. 

Hubbard's  Strictly  Pure  Fine  Bone. 

Hubbard's  Potato  Phosphate. 

Hubbard's  Fertilizer  for  All  Soils 
and  All  Crops. 

Hubbard's  Fertilizer  for  Oats  and 
Top-dressing. 

Hubbard's  Soluble  Potato  Manure. 

Hubbard's  Soluble  Tobacco  Ma- 
nure. 

Hubbard's  Fairchild's  Formula  for 
Corn  and  General  Crops. 

Hubbard's  Grass  and  Grain  Fer- 
tilizer. 

N.  Roy   &    Son,   South    Attleborough, 
Mass. :  — 
Complete  Animal  Fertilizer. 


Russia  Cement  Co.,  Gloucester,Mass. ;  — 
Essex  Fish  and  Potash. 
Essex  Potato  Fertilizer. 
Essex  Corn  Fertilizer. 
Essex  Complete  Manure  for  Corn, 

Grain  and  Grass. 
Essex  Complete  Manure  for  Potato, 

Roots  and  Vegetables. 
Essex  Odorless  Lawn  Dressing. 
Essex  Dry  Ground  Fish. 

Read  Fertilizer  Co.,  New  York,  N.  Y. 
(D.  H.  Foster,  general  agent)  :  — 
Read's  Standard. 
Practical  Potato  Special. 
Bone,  Fish  and  Potash. 
Vegetat)le  and  Vine. 

Lucien  Sanderson,  New  Haven, Conn. :  — 
Sanderson's  Old  Reliable. 
Sanderson's  Potato  Manure. 
Sanderson's  Formula  A. 
Sanderson's  Blood,  Bone  and  Meat. 
Sanderson's  Nitrate  of  Soda. 
Sanderson's  Dissolved  Bone-black. 
Sanderson's  Sulfate  of  Potash. 
Sanderson's  Muriate  of  Potash. 

Standard  Fertilizer  Co.,  Boston, Mass. :  — 
Standard  Fertilizer. 
Standard  Special  for  Potatoes. 
Standard  Guano. 
Standard  Complete  Manure. 

M.  L.  Shoemaker  &  Co.,  Limited,  Phila- 
delphia, Pa. :  — 
Swift  Sure  Superphosphate  for  Gen- 
eral Use. 

F.  C.  Sturtevant,  Hartford,  Conn.:  — 
Sturtevant's    (Jranulated    Tobacco 
and  Sulphur. 

Edward      H.      Smith,     Northborough, 
Mass. :  — 
Smith's  Ground  Bone. 

Thomas  L.  Stetson,  Randolph,  Mass. :  — 
Ground  Bono. 

The    South    Sea    Guano    Co.,    Boston, 
Mass. :  — 
South  Sea  Guano. 

E.  A. Tompidns,  Jamaica  Plain.Mass.  :  — 
Ferti  Flora. 
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Henry  F.  Tucker  Co.,  Boston,  Mass.  :  — 

Tucker's  Original  Bay  State  Bone 
Superphosphate. 

Tucker's  Imperial  Bone  Superphos- 
phate. 

Tucker's  Special  Potato  Fertilizer. 

Tucker's  Bay  State  Special. 

I.  S.  Whittemore,  Wayland,  Mass. :  — 
Complete  Manure. 

Darius  Whithed,  Lowell,  Mass.:  — 
Champion  Animal  Fertilizer. 
Flour  of  Bone. 

The  Wilcox  Fertilizer  Works,  Mystic, 
Conn. :  — 
Potato,  Onion  and  Tobacco  Manure. 
High-grade  Fish  and  Potash. 
Dry  Ground  Fish  Guano. 
Fish  and  Potash. 

Williams  &  Clark  Fertilizer  Co.,  Boston, 
Mass.:  — 
Ammoniated  Bone  Superphosphate. 
Prolific  Crop  Producer. 
Potato  Phosphate. 
High-grade  Special. 
Royal  Bone  Phosphate. 
Corn  Phosphate. 


Williams  &  Clark  Fertilizer  Co.  —  Con. 
Potato  Manure. 
Grass  Manure. 
Fish  and  Potash. 
Onion  Manure. 
Bone  Meal. 
Dry  Ground  Fish. 
Muriate  of  Potash. 
Sulfate  of  Potash. 
Nitrate  of  Soda. 
Dissolved  Bone-black. 

M.  E.  Wheeler  &  Co.,  Rutland,  Vt.  :  — 
Superior  Truck  Fertilizer. 
Havana  Tobacco  Fertilizer. 
Potato  Manure. 
Corn  Fertilizer. 
Fruit  Fertilizer. 
Royal  Wheat  Grower. 
Grass  and  Oats. 

A.  L.  Warren,  Northborough,  Mass. :  — 
Fine-ground  Bone. 

Sanford  Winter,  Brockton,  Mass. :  — 
Fine-ground  Bone. 

J.  M.  Woodard  &  Brother,  Greenfield, 
Mass. :  — 
Tankage. 
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Part  II.  —  Report   on  General  Work  in   the 
Chemical   Laboratory. 


CHARLES   A.    GOESSMANN. 


1.  Analyses  of  materials  sent  on  for  examination. 

2.  Notes  on  wood  ashes  and  condition  of  the  trade. 

1.     Analyses  of  Materials  sent  on  for  Examination. 

During  the  past  season  225  materials  have  been  received, 
and  the  results  of  our  examination  have  been  published  in 
detail  in  bulletins  59,  62  and  63  of  the  Hatch  Experiment 
Station  of  the  Massachusetts  Agricultural  College,  together 
with  the  results  of  the  official  inspection  of  commercial  fer- 
tilizers. 

The  responsibility  of  the  genuineness  of  the  articles  sent 
on  for  examination  rests  in  all  cases  with  the  parties  asking 
for  analyses,  and  our  publication  of  results  merely  refers  to 
the  locality  they  come  from.  It  is  evident,  from  the  increase 
each  year  of  the  number  of  materials  sent  in  for  analysis,  that 
there  is  a  growing  interest  taken  in  this  work,  and  individuals 
are  realizinor  the  value  of  such  chemical  investijrations. 

The  waste  products  of  many  industries  are  of  such  a  nature 
that  their  value  as  manurial  substances  is  unlimited  and  the 
current  modes  of  manufacture  are  constantly  undergoing 
changes  which  affect  seriously  their  commercial  manurial 
value.  A  frequent  investigation  of  this  class  of  materials 
cannot  help  but  prove  beneficial  to  the  farmer,  and  hence 
arrangements  will  be  made,  as  in  previous  years,  to  attend 
to  the  examination  of  these  materials  to  the  full  extent  of  our 
resources.  This  work  is  carried  on  free  of  charge  to  the 
farmers  of  this  State,  the  results  of  analysis  being  returned 
in  the  order  of  the  arrival  of  samples  at  the  office.     Below 
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is  given  a  partial  list  of  materials  received  during  the  past 
season,  which  shows  the  general  nature  of  the  work  :  — 


Wood  ashes. 
Sulfate  of  potash. 
Muriate  of  potash. 
Nitrate  of  soda. 
Sulfate  of  ammonia. 
Acid  phosphates. 
Sulfate    of    potash    and    mag- 
nesia. 
Ground  bone. 
Complete  fertilizers. 
Minerals. 
Liquid  fertilizers. 
Soils. 

Dried  pig's  blood. 
Lime-kiln  ashes. 
Glucose  sugar  refuse. 


Damaged  grain. 

Insecticides. 

Composts. 

Refuse  from  glass  factory. 

Cotton-seed  meal. 

Cotton-hull  ashes. 

Tankage. 

Wool  shoddy. 

Jadoo  fibre. 

Plaster. 

Forage  crops. 

Soot. 

Spent  bone-black. 

Brick-yard  ashes. 

Sludge. 


These,  together  with  other  manurial  products  common  to 
commercial  and  agricultural  industries,  are  carefully  inves- 
tigated, and  the  results  of  our  examination  are  free  to  those 
who  may  desire  such  information. 

2.     Notes  on  Wood  Ashes. 

This  subject  has  engaged  our  attention  for  past  seasons 
and  has  been  discussed  at  length  in  previous  reports. 

During  the  past  year  (1899)  24.4  per  cent,  of  the  mate- 
rials sent  on  for  analysis  consisted  of  wood  ashes,  as  against 
40.1  per  cent,  the  previous  year  (1898). 

The  wood  ashes  sold  for  manurial  purposes  in  our  State 
are  subject  to  official  inspection,  and  the  dealers  in  this  com- 
modity must  secure  a  license  to  sell  before  they  can  legally 
advertise  their  article.  The  goods  must  be  sold  on  a  guar- 
anteed analysis,  stating  their  percentages  of  potash  and  of 
phosphoric  acid  present,  and  this  analysis  must  be  fastened 
to  each  package  or  car  that  contains  them.  As  the  dealer  is 
obliged  only  to  guarantee  the  amount  of  potash  and  of  phos- 
phoric acid  present  in  the  ashes,  no  objection  can  be  raised 
regarding  the  amount  of  moisture,  so  long  as  the  specified 
amount   of  those    two   elements    is    present.      Wood   ashes 
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ought  to  be  bought  and  sold  by  weight  and  not  by  measure, 
for  both  moisture  and  the  general  character  of  foreign  mat- 
ters are  apt  to  seriously  affect  tlio  weight  of  a  given  volume. 


No.  OF  Samples. 

1898. 

1899. 

Moisture  below  1  per  cent, 

2 

Moisture  from  1  to  3  per  cent. , 

9 

6 

Moisture  from  3  to  6  per  cent., 

6 

4 

Moisture  from  6  to  10  per  cent., 

20 

11 

Moisture  from  10  to  15  2)er  cent., 

22 

28 

Moisture  from  15  to  20  per  cent.. 

16 

7 

Moisture  from  20  to  30  per  cent.. 

6 

1 

Moisture  above  30  per  cent.,    . 

_ 

1 

Potassium  oxide  above  8  per  cent., 

4 

4 

Potassium  oxide  from  7  to  8  per  cent., 

6 

9 

Potassium  oxide  from  6  to  7  per  cent., 

8 

13 

Potassium  oxide  from  5  to  6  per  cent., 

22  . 

7 

Potassium  oxide  from  4  to  5  per  cent., 

25 

19 

Potassium  oxide  from  3  to  4  per  cent., 

11 

2 

Potassium  oxide  below  3  per  cent., . 

3 

2 

Phosphoric  acid  above  2  per  cent.,  . 

6 

4 

Phosphoric  acid  from  1  to  2  per  cent, 

60 

43 

Phosphoric  acid  below  1  per  cent.,  . 

13 

10 

Average  per  cent,  of  calcium  oxide  (lime), 

33.60 

34.10 

Per  cent,  mineral   matter  insoluble  in  d 

luted 

hydrochloric  acid :  — 

Below  5, 

1 

_ 

5  to  10,    

16 

16 

10  to  15, 

31 

26 

15  to  20, 

15 

7 

20  to  30, 

13 

5 

Above  30, 

- 

2 

Cotton-hull  Ashes. — This  waste  product  is  receiving  in- 
creased attention  from  the  farmers,  and  is  an  article  of  great 
merit.  The  samples  received  this  year  analyze  from  21  to 
29  per  cent,  of  potash,  and  are  especially  adapted  to  tobacco 
growing  on  account  of  the  large  i)roportion  of  carbonate  of 
potash  present,  this  form  of  potash  being  the  most  valuable 
one  known  for  that  purpose. 

Sludge.  —  At  the  present  time  the  larger  cities  are  col- 
lecting all  waste  debris  in  reservoirs,  and  subjecting  it  to 
chemical  treatment  for  recovery  of  fertilizing  ingredients. 
This  source  of  ])lant  food  is  often  within  easy  reach  of  the 
farmer,  and  may  be  turned  to  good  advantage,  as  is  seen 
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from  the  average  analysis  :  nitrogen,  1.31  per  cent.  ;  potash, 
.16  per  cent.  ;  phosphoric  acid,  .86  per  cent.  ;  lime,  1.13  per 
cent. 

Heji  Manure.  —  In  this  ingredient  we  have  a  very  rich 
fertilizer  and  a  material  that  is  worthy  of  careful  treatment. 
To  save  the  nitrogen  that  otherwise  might  pass  into  the  air 
a  "fixer"  is  a  necessity.  Two  samples  received  at  the 
laboratory  were  analyzed,  as  follows  ;  — 


SAMPLES. 

Nitrogen 
(Percent.). 

Potash 
(Per  Cent.). 

Phosphoric 

Acid 
(Percent.). 

Sample  L,    .....        ^ 
Sample  11., 

.46 

.42 

1.12 

.43 

.69 
.63 

No.  I.  was  treated  with  kainite,  a  material  analyzing  on  an 
average  16  per  cent,  potash,  and  a  Substance  capable  of  fix- 
ing the  ammonia,  thereby  saving  this  element  and  at  the 
same  time  supplementing  the  manure  in  potash,  — the  ingre- 
dient which  it  is  deficient  in.  This  application  of  an  am- 
monia fixer  may  be  applied  to  all  animal  refuse  products, 
and,  as  is  seen,  has  a  twofold  action,  — the  saving  of  nitrogen 
and  the  supplementing  of  potash. 

Cotton-seed  Meal.  —  This  material  still  holds  its  own  and 
is  a  recognized  standard  article,  a  source  of  nitrogen  sought 
by  tobacco  growers.  Its  high  standard  has  been  maintained 
as  in  previous  seasons. 
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The  co-operation  and  assistance  of  farmers,  fruit  <rrowers, 
horticulturists  and  all  interested,  directly  or  indirectly,  in 
agriculture,  are  earnestly  requested.  Communications  may 
be  addressed  to  the  "Hatch  Experiment  Station,  Amherst, 
Mass." 
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The  followino;  bulletins  are  still  in  stock  and  can  be  fur- 
nislied  on  demand  :  — 

No.  27.  Tuberculosis  in  college  herd  ;    tubei-culin  iu  diagnosis ; 

bovine  rabies ;  poisoning  by  nitrate  of  soda. 
No.  33.   Glossary  of  fodder  terms. 
No.  35.  Agricultural  value  of  bone  meal. 

No.  41.  On  the  use  of  tuberculin  (translated  from  Dr.  Bang). 
No.  43.  Effects  of  electricity  on  germination  of  seeds. 
No.  47.  Field  experiments  with  tobacco. 
No.  54.  Fertilizer  analyses. 
No.  55.  Nematode  worms. 
No.  57.  Fertilizer  analyses. 
No.  58.  Manurial  requirements  of  crops. 
No.  59.  Fertilizer  analyses. 
No.  Gl.  The  asparagus  rust  in  Massachusetts. 
No.  63.  Fertilizer  analyses. 
No.  64.  Analyses  of  concentrated  feed  stuffs. 
No.  66.  Variety  tests  of  fruits ;    fertilizers  for  fruits  ;    thinning 

fruits,  pruning  ;  spraying  calendar. 
No.  67.  Grass  thrips  ;  treatment  for  thrips  in  greenhouses. 
No.  68.  Fertilizer  analyses. 
No.  69.  Rotting  of  greenhouse  lettuce. 
No.  70.  Fertilizer  analyses. 
Special  bulletin,  — The  brown-tail  moth. 
Special  bulletin,  —  The  coccid  genera  Chionaspis  and  Hemichion- 

aspis. 
Index,  1888-95. 

Of  the  other  bulletins,  a  few  copies  remain,  which  can  be 
su})i)licd  only  to  complete  sets  for  liljraries. 

Of  the  numerous  prol)lems  presented  for  solution,  a  few 
only  of  the  more  important  have  been  selected.  From  a 
scries  of  experiments  on  the  effect  of  food  on  the  composition 
of  milk  and  butter  fat  and  on  the  consistency  or  body  of 
butter,  it  was  found :  («)  that  diiferent  amounts  of  protein 
do  not  seem  to  have  any  influence  on  the  composition  of 
milk ;  (6)  that,  in  general,  feeds  containing  nnich  oil  have  a 
tendency  to  slightly  increase  the  fat  content  of  milk  when 
first  fed,  but  after  a  few  weeks  the  fat  percentage  gradually 
returns  to  normal ;  (c)  that  it  is  not  practicable  to  feed  large 
amounts  of  oil  to  cow's,  as  it  has  a  tendency  to  derange  the 
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digestive  and  milk-secreting  organs ;  (fZ)  that  linseed  oil 
eiiected  a  noticealjle  change  in  the  composition  of  the  butter 
fat,  causing  a  decrease  in  the  volatile  acids  and  an  increase 
in  the  melting  point  and  iodine  coefficient ;  (e)  and  tlint 
cotton-scod  meal  produced  butter  fat  quite  similar  in  com- 
position to  that  produced  by  the  standard  ration. 

In  experiments  to  show  the  feeding  value  of  barnyard  mil- 
let, it  is  shown  :  (a)  that  the  millet  has  less  nutritive  value 
than  corn,  for  the  reason  that  it  must  be  cut  when  in  early 
blossom  to  secure  it  in  the  most  desirable  condition  for  feed- 
ing, while  the  corn  can  partially  mature  its  grain  and  still  be 
readily  eaten  l)y  animals  ;  (6)  that  it  is  not  suital)le  for  hay 
and  is  inferior  to  maize  as  a  silage  crop ;  (c)  that  it  fur- 
nishes quite  a  desiraldc  green  feed,  especially  during  the 
month  of  August,  and  for  this  purpose  can  bo  most  satis- 
factorily utilized. 

A  study  of  the  eflects  of  different  chemical  solutions  on 
germination  In-ought  out  some  interesting  facts.  The  solu- 
tions formed  from  those  sul)stances  known  to  exist  in  seeds 
and  seedlings  were  of  two  kinds  :  ferments,  as  diastase  and 
pepsin ;  and  amides,  as  asparagin  and  leucin.  In  each  ex- 
periment one  hundred  seeds  were  used,  the  solution  varying 
in  strength  from  one-tenth  per  cent,  to  two  per  cent.  The 
seeds  were  soaked  in  the  solution  for  twelve  hours,  then 
rinsed  in  water  and  placed  in  Zurich  germinators.  With 
asparagin  as  the  solution  on  such  seeds  as  vetch,  rape,  al- 
falfa, the  average  percentage  of  germination  for  normals  was 
seventy-four  and  five-tenths  per  cent.  ;  for  the  treated  was 
eighty-eight  and  eight-tenths  per  cent,  and  an  acceleration 
of  germination  in  several  seeds.  With  leucin  on  buckwheat 
and  alfalfa  the  average  of  three  experiments  gave  eighty- 
three  per  cent,  for  normal  and  ninety-two  per  cent,  for 
treated.  With  pepsin  and  diastase  there  was  in  like  manner 
a  gain  of  about  ten  per  cent. 

Great  complaint  having  been  made  of  the  difliculty  of 
growing  asters,  fifteen  thousand  were  grown  under  dift'erent 
conditions  of  fertilizers,  varieties,  localities,  time  of  planting 
and  methods  of  handling.  A  peculiar  and  obscure  disease 
was  made  out,  not  resulting  from   organisms   of  any  kind, 
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but  very  destructive  in  its  effects.  There  was  an  abnormal 
development,  due  to  disturbance  of  the  assimilative  functions 
of  the  plant. 

Remedies  for  the  various  diseases  of  lettuce  grown  under 
glass  have  occupied  the  attention  of  the  division  of  plant 
pathology  for  several  years.  The  "  drop,"  which  is  charac- 
terized by  rotting  of  the  stem  and  sudden  and  complete 
collapse  of  the  whole  plant,  is  the  most  destructive  of  these 
diseases.  The  amount  of  loss  is  very  commonly  twenty-five 
per  cent,  of  the  entire  crop.  It  has  been  found  that  by  ster- 
ilizing the  soil,  either  wholly  or  in  part,  the  drop  and  its 
kindred  disease  can  be  wholly  eradicated  or  suppressed. 
Experiment  shows  that  five-eighths  inch  or  three-fourths  inch 
surface  covering  of  sterilized  sand  or  earth  gave  an  average 
reduction  of  forty-seven  per  cent,  in  the  amount  of  drop ; 
one  inch  of  sterilized  sand  or  earth  gave  an  average  reduction 
of  eighty-seven  per  cent.  ;  one  inch  and  a  half  of  sterilized 
soil,  an  average  of  ninety-three  per  cent.  ;  and  two,  three 
and  four  inches  secured  entire  immunity  from  the  disease. 

In  the  entomological  division  the  structure  and  life  history 
of  various  insect  pests  have  been  worked  out  and  published, 
and  the  remedies  to  be  employed.  Among  those  thus  treated 
are  the  grass  thrips ;  the  thrips  of  the  greenhouse,  attacking 
cucumbers ;  the  fall  canker  worm ;  the  marguerite  fly ;  and 
greenhouse  aleurodes,  doing  great  damage  to  tomatoes  and 
cucumbers  o;rowu  under  glass.  The  San  Jose  scale  continues 
its  ravages  in  the  State.  It  has  already  been  found  in  thirty- 
seven  diff*erent  towns,  and  it  probably  exists  in  as  many 
more.  It  attacks  the  fruit  as  well  as  the  bark,  and  speci- 
mens of  currants,  pears  and  apples  have  been  sent  in  so 
completely  covered  with  them  as  to  render  their  sale  im- 
possible. 

In  the  agricultural  division  the  results  of  experiments 
continued  since  1890  with  oats,  rye,  soy  beans,  clover  and 
potatoes  seem  to  indicate  that  the  various  manures  supplying 
nitrogen  rank  in  the  following  order :  («)  nitrate  of  soda, 
barnyard  manure,  sulfate  of  anmionia  and  dried  blood;  (5) 
that  in  crops  of  the  clover  family  as  nitrogen  gathers,  the 
crops  not  being  turned  under,  Ijut  improvement  sought  from 
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roots  and  stubble,  there  was  no  appreciable  improvement 
from  soy  beans,  but  marked  from  clover ;  (c)  that  potatoes, 
clovers,  cabbages  and  soy  l)eans  did  much  the  best  on  sul- 
fate of  potash,  while  the  yield  of  corn,  gi-asses,  oats,  barley, 
vetches  and  sugar  beets  has  been  equally  good  on  the  muriate  ; 
(d)  that,  if  the  muriate  is  used  continuously,  sooner  or  later 
lime  must  be  applied ;  (e)  that,  with  garden  crops,  both 
early  and  late,  the  sulfate  rather  than  the  muriate  should  be 
used  ;  (/)  that  none  of  the  natural  phosphates  appear  to  be 
suited  to  crops  belonging  to  the  turnip  and  cabbage  family ; 
((/)  that,  while  it  is  possible  to  procure  protitaljle  crops  of 
most  kinds  by  a  liberal  use  of  natural  phosphates,  the  best 
practice  will  probably  be  found  to  consist  in  using  one  of 
those  in  part,  and  in  connection  with  it  a  moderate  quantity 
of  one  of  the  dissolved  phosphates. 

A  detailed  account  of  the  operations  of  the  year  is  here- 
with submitted. 
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AKNUAL  REPORT 

Of  George  F.  Mills,  Treasurer  of  the  Hatch  Experiment  Station 
OF  Massachusetts  Agricultural  College, 

For  the  Year  ending  June  30, 1900. 


Cash  received  from  United  States  treasurer, 

. 

$15,000  00 

Cash  paid  for  salaries, 

$5,614  58 

for  lal)or, 

4,278  90 

for  pul)lications,  .... 

409  40 

for  postage  and  stationery, . 

228  53 

for  freight  and  express, 

127  48 

for  heat,  light  and  water,    . 

254  96 

for  chemical  supplies, . 

108  53 

for  seeds,  jilants  and  sundry  supplies 

602  04 

for  fertilizers,      .... 

1,168  55 

for  feeding  stuffs, 

136  62 

for  library,  ..... 

157  31 

for  tools,  implements  and  machinery 

673  63 

for  furniture  and  fixtures,   . 

61  90 

for  scientific  apparatus, 

384  95 

for  live  stock,       .... 

60  30 

for  travelling  expenses, 

22  02 

for  contingent  expenses,     . 

125  25 

for  buildings  and  repairs,  . 

595  05 

$15,000  00 

$11,200  00 

Cash  received  from  State  treasurer,    . 

from  fertilizer  fees, 

3,600  00 

from  farm  products, 

1,720  86 

from  miscellaneous  sources. 

1,979  82 

$18,500  68 

Cash  paid  for  salaries, . 
for  labor, 
for  publications,  . 
for  postage  and  stationei-y, 
for  freight  and  express, 

Amount  carried  forward. 


.   $8,158  11 

.     4,696  81 

556  56 

313  85 

123  64 

.  $13,848  97 
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Amount  brought  forward, 

Cash  paid  for  heat,  light  and  water,    . 
for  chemical  supplies, . 
for  seeds,  plants  and  sundry  supplies 
for  fertilizers, 
for  feedinij  stuffs, 
for  library,  .... 
for  tools,  imijlements  and  machinery 
for  furniture  and  fixtures,  . 
for  scientific  apparatus, 
for  live  stock,       .... 
for  travelling  expenses, 
for  contingent  ex2)enses, 
for  buildings  and  repairs,  . 


-A"o.  33. 

.$13,848  97 

582  04 

525 

14 

611 

53 

1G2 

47 

995 

78 

96 

95 

107 

81 

50  73 

.    546 

38 

125 

66 

216 

62 

94  00 

536 

60 

$18,500  68 


I,  Charles  A.  Gleason,  duly  appointed  auditor  of  the  corporation,  do  hereby  cer- 
tify tliat  I  have  examined  the  I)ooks  and  accounts  of  tlic  Hatch  Experiment  Station 
of  tlie  Massachusetts  Ai,'ricultural  College  for  the  fiscal  year  ending  June  30,  1900; 
that  I  have  found  the  books  well  kept  and  the  accounts  correctly  classified  as  above; 
and  that  the  receipts  for  the  year  are  shown  to  be  $33,rj00.()8  and  the  corresponding 
disbursements  $33,500.08.  AH  the  proper  vouchers  are  on  file.  These  have  been 
examined  by  me  and  have  been  found  to  be  correct,  there  being  no  balance  on 
accounts  of  the  fiscal  j'ear  ending  Juno  30,  1900. 

CHARLES  A.  GLEASON, 

Auditor. 
Amherst,  Aug.  9,  1900. 
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REPORT   OF   THE   CHEMIST. 


DIVISION   OF   FOODS   AND   FEEDING. 


J.   B.   LINDSET. 

Assistants :  e.  b.  Holland,  f.  w.  mossman,*  b.  k.  jONES,t  p.  h.  smith,  jr., 


J.   W.    KELLOGG. 


Part  I.  —  Laboratory  Work. 

Outline  of  Year's  Work. 

Part  II.  —  Feeding  Experiments  and  Dairy  Studies. 

A.  Effect   of  feed  on  the   composition  of  milk, 

butter  fat,  and  on  the  consistency  or  body 
of  butter. 

B.  The  feeding  value  of  barnyard  millet. 

C.  Dried  distillery  grains. 

D.  Digestion  experiments  with  sheep. 

E.  The  composition  of  purslane. 

F.  Pax'sous'  "  six-dollar"  feed. 

*  Resigned  Nov.  1,  1900. 

t  Resigned  Nov.  1,  1900,  to  accept  position  in  the  Utah  Experiment  Station. 
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Part    I. 


LABORATORY  WORK. 


Extent  of  Chemical  Work. 

The  work  of  the  chemical  laboratory  connected  with  this 
department  has  materially  increased  over  all  previous  years. 
There  have  been  sent  in  for  examination  287  samples  of 
water,  123  of  milk,  888  of  cream,  20  of  pure  and  process 
butter,  29  of  oleomargarine,  123  of  feed  stufis  and  10  of 
vinegar.  In  connection  with  experiments  by  this  and  other 
divisions  of  the  station,  there  have  been  analyzed  45  samples 
of  milk  and  cream,  60  of  butter  and  695  of  fodders  and  feed 
stuff's. 

In  addition  to  the  above,  707  samples  of  commercial  con- 
centrated feed  stuffs  have  been  collected  under  the  provision 
of  the  feed  law,  and  tested,  either  individually  or  in  com- 
posite;  and  40  tonics,  condimcntal  feeds,  etc.,  have  been 
examined.  This  makes  a  total  of  3,036  substances  analyzed 
during  the  year,  as  against  2,045  last  year  and  1,875  in  the 
previous  year. 

Character  of  Chemical  Work. 
Water,  Milk,  Cream,  Feed  Stuffs,  etc.,  sent  for  Exam- 
ination.—  More  than  the  usual  number  of  samples  have 
been  received  during  the  year.  Sanitary  examinations  of 
water  have  been  carried  on  as  in  previous  years,  according 
to  the  Wanklyn  process,  to  determine  its  general  fitness  for 
domestic  purposes  and  for  live  stock.  In  milk  analysis, 
the  percentages  of  total  solids   and  fat  are  the  usual  ones 
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determined.  The  percentage  of  fat  only  is  determined  in 
cream,  unless  the  quantity  of  other  ingredients  is  requested. 
An  estimation  of  the  percentage  of  protein  is  usually  all 
that  is  necessary  to  determine  the  genuineness  of  a  feed 
stuff.  In  some  cases  it  is  wise  to  determine  the  percentage 
of  fat;  in  others,  the  percentage  of  ash  and  fibre. 

Full  information  concerning  water,  millv  and  cream,  how 
to  take  samples,  etc.,  will  be  found  in  our  report  for  1899. 
Special  information  will  l)e  furnished  upon  application. 

Cattle  Feed  Inspection.  —  We  have  co4itinued  the  inspec- 
tion of  concentrated  feeds  during  the  year,  collecting  and  an- 
alyzing over  700  samples.  A  bulletin  is  aljout  to  be  issued, 
giving  the  results  of  the  work  accomplished.  The  better 
class  of  feeds  is  practically  free  from  adulteration.  Some 
manufacturers  and  jobbers  are  still  disposed  to  put  cotton- 
seed meal  mixed  with  ground  hulls  upon  the  market,  marked 
simply  cotton-seed  meal.  Mixed  feed,  so  called,  consist- 
ing principally  of  wheat  bran  together  with  several  hundred 
pounds  of  line  or  flour  middlings  to  the  ton,  is  beginning 
to  be  adulterated  with  wheat  hulls,  ground  corn  cobs,  etc. 
This  material  ought  to  be  accompanied  by  a  guaranty  to  as- 
sure the  purchaser  of  its  purity.  Many  very  inferior  oat 
feeds,  containing  50  to  60  per  cent,  of  oat  hulls,  are  still  on 
sale.  They  are  very  expensive  at  the  price  asked  for  them. 
These  inferior  oat  feeds  are  often  used  by  millers  to  mix 
with  cracked  corn,  the  resulting  product  being  sold  as 
provender.  It  is  quite  inferior  to  a  mixture  of  genuine 
ground  oats  and  corn.  New  feeds  are  constantly  coming 
into  the  market,  most  of  them  by-products  from  diflerent 
industries.  The  writer  is  convinced  that  the  time  is  nearly 
at  hand  for  a  change  in  the  present  feed  law,  making  it  con- 
form to  the  laws  in  the  other  New  Enoland  States. 

Methods  of  Analysis. — This  department  has  co-operated 
with  the  Association  of  Official  Agricultural  Chemists  in  in- 
vestigating different  methods  of  analysis,  with  a  view  to  their 
improvement.  During  the  present  year  investigations  have 
been  made  relative  to  the  best  methods  of  determining 
starch,  pentosans  and  galactan  in  feed  materials,  and  of 
casein  and  albumin  in  milk.     Work  of  this  character  cannot 
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be  expressed  iu  figures.  It  consumes  much  time,  but  is 
very  necessary,  and  likely  to  be  productive  of  valuable 
results. 

Chemical  and  Physiological  Investigations.  —  So  far  as 
time  and  resources  permit,  the  chemical  staff  is  engaged  in 
investigating  some  of  the  many  pressing  dairy  and  feeding 
i)roblems.  The  time  at  present  is  largely  devoted  to  the  ex- 
amination of  butter  fat,  the  manufacture  of  l^utter  and  to  the 
digestibility  of  feeding  stuffs.  It  is  to  be  regretted  that  the 
analysis  of  the  various  materials  sent  to  the  station  —  waters, 
milk,  cream,  butter  and  feed  stuffs  —  consumes  each  year  an 
increasing  amount  of  time,  and  necessarily  limits  the  extent 
of  experimental  work. 
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Part    II. 


FEEDING    EXPEEIMENTS   AND    DAIRY   STUDIES. 


A.  — EFFECT  OF  FEED  ON  THE  COMPOSITION  OF  MILK, 
BUTTER  FAT,  AND  ON  THE  CONSISTENCY  OR  BODY 
OF  BUTTER. 


J.    B.    LINDSEY." 


Conclusions. 
As  a  result  of  the  experiments  which  follow,  concerning 
the  influence  of  feeds  and  feed  constituents  on  the  composi- 
tion of  milk,  butter  fat,  and  on  the  character  of  the  butter, 
the  following  deductions  are  made  :  — 

1.  Difi'erent  amounts  of  protein  do  not  seem  to  have  any 
influence  on  the  composition  of  the  milk. 

2.  Linseed  oil  in  flax-seed  meal,  when  fed  in  considerable 
quantities  (1.40  pounds  digestible  oil  daily),  increased  the 
fat  percentage  and  decreased  the  nitrogenous  matter  of  the 
milk.  This  fat  increase  was  only  temporary,  the  milk  grad- 
ually returning  (in  four  or  five  weeks)  to  its  normal  ftit  con- 
tent. The  nitrogenous  matter  also  gradually  returned  to 
normal,  but  more  slowly  than  the  fat. 

3.  In  general,  feeds  containing  much  oil  have  a  tendency 
to  slightly  increase  the  fat  content  of  milk  when  first  fed. 
The  fat  percentage  gradually  returns  to  normal. 

4.  It  is  not  practicable  to  feed  large  amounts  of  oil  to 
cows,  as  it  has  a  tendency  to  derange  the  digestive  and 
milk-secreting  organs. 

*  Ably  assisted  by  E.  B.  Holland,  F.  W.  Mossinan,  B.  K.  Jones  and  P.  H. 
Smith,  Jr. 
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5.  Linseed  oil  eflected  a  noticeable  change  in  the  composi- 
tion of  the  butter  fat,  causing  a  decrease  in  the  volatile  acids 
and  an  increase  in  the  melting  point  and  iodine  coefficient. 

6.  All  oils  do  not  produce  the  same  effects  on  l)uttor  fat. 

7.  The  melting  point  of  butter  fat  is  not  always  indicative 
of  the  firnmess  or  body  of  butter. 

8.  An  excess  of  linseed  oil  produced  a  soft,  salvy  l)utter, 
with  an  inferior  flavor. 

9.  Linseed  and  corn  gluten  meals,  with  a  minimum  per- 
centage of  oil  (3  per  cent.),  produced  a  normal  l)utter  fat. 
The  corn  gluten  meal  produced  butter  with  a  desirable  flavor 
and  of  good  body. 

10.  King  gluten  meal  (corn  gluten  meal  with  13  per  cent, 
oil)  increased  the  iodine  coefiicient  of  the  butter  fat  several 
degrees  above  standard  ration  butter  ftit,  and  slightly  de- 
pressed the  melting  point  of  the  fat.  This  eftcct  was  prob- 
ably due  to  the  corn  oil.  The  same  meal  produced  butter 
of  a  very  desirable  flavor  and  body.* 

11.  Cotton-seed  meal  produced  butter  fat  quite  simihir  in 
composition  to  that  produced  by  the  standard  ration.  The 
butter  produced  by  this  meal  was  rather  crumbly  when  hard, 
and  slightly  salvy  to  the  taste. 

Further  experiments  concerning  the  efiects  of  food  and 
food  constituents  on  butter  fat  and  butter  are  now  in 
progress. 

(«)  Preliminary  Statement. 
During  the  last  six  years  a  numl)cr  of  experiments  have 
been  made  at  this  station  relative  to  the  cfl'ect  of  food,  first 
on  the  composition  of  milk  and  later  on  the  composition  of 
butter  fat.  It  is  not  the  writer's  intention  at  this  time  to 
attempt  any  historical  or  critical  review  of  the  work  of  others 
along  these  lines,  nor  to  present  the  full  data  of  his  own  work, 
but  rather  to  call  attention  to  the  progress  thus  far  made  in 
the  efibrt  to  secure  positive  knowledge  on  the  sul)ject  under 
investigation.  The  detailed  experiments  will  l)e  published 
at  a  proper  time.  The  writer  believes  that  experimenters 
have  hitherto  neglected  to  note  the  cfl'ect  of  the  several  food 

•  The  body  of  this  butter  was  very  satisfactory  to  Mr.  W.  A.  Qnde,  the  scorer, 
but  might  have  been  considered  by  some  as  lacking  in  firmness. 
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constituents  —  protein,  fat  and  carbohydrates  —  on  the  milk 
and  butter  fat,  but  have  rather  attempted  to  observe  the  in- 
fluence of  the  combinations  of  these  groups  as  they  exist  in 
the  different  foods.  It  is  believed  that  the  former  method 
would  yield  more  definite  information  on  this  perplexing 
subject. 

(b)  The  Effect  of  Protein  on   the   Composition   of 

Milk. 
In  an  early  experiment  *  different  amounts  of  protein 
were  fed,  and  the  effect  on  the  composition  of  the  milk  was 
noted.  The  experiment  showed  that  the  fat  content  of  the 
milk  appeared  to  be  increased.  Unfortunately,  the  ration 
contained,  in  addition  to  the  protein,  an  excess  of  corn  and 
cotton-seed  oil,  derived  from  gluten  feed  and  cotton-seed 
meal,  and  "it  was  not  at  all  clear  whether  the  protein  or  the 
oil  was  responsible  for  the  fat  increase.  Again,  the  periods 
were  of  too  short  duration  to  make  clear  whether  the  increase 
was  temporary  or  permanent.  In  the  next  two  experimentsf 
the  oil  factor  was  eliminated  as  far  as  possible,  the  protein 
beino;  derived  from  corn  and  sluten  meals.  The  leno;th  of 
the  periods  were  increased  so  as  to  cover  from  four  to  six 
weeks,  and,  because  of  increased  facilities  for  carrying  out 
the  experiments,  many  outside  influences  bearing^  upon  the 
results  Avere  eliminated.  The  results  of  these  two  investiga- 
tions showed  no  particular  influence  of  the  protein  upon  the 
several  ingredients  of  the  milk,  except  a  very  slight  increase 
in  the  nitrogenous  matter  of  the  milk  when  the  largest  amount 
of  protein  was  fed.  It  therefore  seemed  probable  that  the 
oil  in  the  rations  fed  in  the  first  experiment  above  referred 
to  was  responsible  for  the  fat  increase. 

(c)  The  Effect  of  Fat  on  the  Composition  of  Milk. 
About  this  time  (1898),  Soxhlet,  a  German  investigator, 

made  the  statement  that,  contrary  to  general  teachings,  the 
fat  of  the  food  —  as  found  in  the  diflerent  oil  cakes  fed  on 
the  continent  —  did  produce  a  very  noticeable  increase  in  the 

*  Report  of  Massachusetts  State  Experiment  Station,  1894. 
t  Ninth  and  eleventh  reports  of  Hatch  Experiment  Station. 
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relative  amount  of  fat  in  the  milk.  The  full  data  [)roving 
this  statement  has  not  been  puljlished.  The  conclusion  of 
several  American  experimenters  who  had  previously  fed  dif- 
ferent fats  to  dairy  animals  was  that  no  positive  increase  was 
to  be  observed.  Soxhlet  suggested  that  the  reason  the  effect 
of  "  food  fat "  had  not  been  more  pronounced  was  because 
the  fat  or  oil  fed  had  not  been  digested  and  assimilated  by 
the  animals.  Following  out  the  suggestion  made  by  our  first 
experiment,  and  endeavoring  to  prove  or  disprove  Soxhlet's 
statements,  several  experiments  were  instituted. 

The  first  two  were  made  with  three  animals, — the  only 
ones  in  condition  at  the  time,  — in  the  summer  of  189(S,  and 
have  been  designated  Experiments  I.  and  II.  It  was  merely 
a  preliminary  test.  These  animals  were  in  rather  an  advanced 
stage  of  lactation,  l)ut  producing  15  to  20  pounds  of  milk 
each  per  day.  The  coarse  feeds  during  the  several  periods 
consisted  of  first  and  second  cut  hay,  or  second  cut  hay  and 
green  feed.  The  grain  feed  during  the  "normal  oil "  periods 
was  wheat  bran,  or  bran  and  Chicago  gluten  meal ;  and  in 
the  so-called  "  excess  oil"  periods  flaxseed  meal*  was  added 
to  the  wdieat  bran,  or  was  substituted  for  the  Chicago  gluten 
meal.  In  the  normal  oil  periods  the  amount  of  oil  calculated 
to  be  digested  was  from  .4  to  .5  pounds,  and  during  the  ex- 
cess oil  periods  from  1.4  to  1.8  pounds.  The  normal  oil 
periods  lasted  seven  days,  then  follow^ed  excess  oil  period 
of  ten  days,  subsequently  normal  oil  periods  of  four  days. 
Each  period  proper  w^as  preceded  by  a  preliminary  period 
of  seven  days.  When  the  excess  oil  was  fed,  the  fat  of  the 
milk  increased  one-half  per  cent,  in  almost  every  case  (that 
is,  from  5  to  5.50,  for  example),  and  in  some  cases  even 
more,  and  dropped  l)ack  again  when  the  excess  oil  was  re- 
moved to  even  below  Avhat  it  w\as  in  the  first  or  normal  oil 
period.  Part  of  the  increase  might  be  attributed  to  change 
of  feed.  The  periods  were  short  and  the  w^eather  warm,  and 
the  experiment  could  be  considered  of  only  sufficient  impor- 
tance to  warrant  still  further  investigations  under  more  favor- 
able conditions. 

*  This  meal  contained  about  37  per  cent,  of  linseed  oil. 
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Experiment  III. 

[New-process  linseed  meal  (Cleveland  flax  meal)  ?;.  flaxseed  meal.] 

The  next  experiment  was  begun  in  October,  1898,  and 
continued  until  February,  1899.  Tiie  cows,  ten  in  number, 
were  divided  as  evenly  as  possible  into  Herds  I.  and  II. 
Both  herds  received  row  en  (second  cut  hay)  as  the  coarse 
fodder  during  the  entire  experiment.  The  grain  ration  for 
each  herd  consisted  of  bran,  new-process  Unseed  meal* 
(Cleveland  llax  meal,  so  called)  and  corn  meal  during  the 
first  period  of  three  weeks,  one  week  of  which  was  prelim- 
inary. This  was  designated  the  "normal  oil"  ration.  In 
the  second  period  of  twelve  weeks  Herd  II.  received  flaxseed 
meal  in  place  of  the  Cleveland  flax  meal,  and  corn  meal ;  and 
the  entire  ration  of  Herd  I.  was  continued  unchanged.  The 
ration  consumed  hj  Herd  II.  in  the  second  period  was  des- 
ignated the  "excess  oil"  ration.  The  third  period  proper 
lasted  two  weeks,  and  both  herds  were  fed  the  same  ration 
as  in  the  first  period.  Herd  I.  then  received  the  same 
(normal  oil)  ration  throughout  the  entire  experiment  and 
Herd  II.  the  excess  oil  ration  in  the  second  period.  The 
normal  oil  ration  consisted  of  about  .5  pounds  of  digestible 
oil  and  the  excess  oil  ration  of  1.75  pounds.  The  amount 
of  protein  and  carbohydrates  were  essentially  the  same,  the 
oil  being  the  varying  factor. 


Daily  Ration  {Poxmds) . 
First  period :  both  herds  normal  oil  ration. 


HERDS. 

Wheat 
Bran. 

Cleveland 
Flax  Meal. 

Flaxseed 
Meal. 

Corn 
Meal. 

Rowen. 

Herd  I 

Herd  II 

2 
2 

2 
2 

- 

2  to  3 
2  to  3 

20  to  24 
20  to  24 

Second  jjeriod :  Herd  I.,  normal  oil  ration ;  Herd  II.,  excess  oil  ration. 


Herd  I 

Herd  II 

2 
2 

2 

4 

2  to  3 
Otol 

20  to  24 
20  to  24 

• 

Tliird  period :  both  herds  normal  oil  r 

%tion. 

Herd  I 

Herd  11 

2 
2 

2 
2 

- 

2  to  3 
2  to  3 

20  to  24 
20  to  24 

*  This  meal  contained  less  tban  3  per  cent,  of  oil. 
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Tlui  {ininuils  completed  the  experiment  with  only  slight 
disturbances.  Composite  samples  of  each  cow's  milk  and  of 
the  mixed  milk  of  each  herd  were  made  for  live  days  of  each 
week,  and  the  milk  was  tested  for  total  solids,  fat,  nitrogen 
and  ash.  The  analyses  of  the  mixed  milk  only  are  i)resented 
at  this  time  :  — 

Milk  xinalyses. 
First  period  :  bolh  herds  normal  oil  ration. 


SAMPLES. 

Total 
Solids. 

Fat. 

Solids 
NOT  Fat. 

Nitrogen. 

Ash. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

"Weekly  sample, 
Weekly  sample, 
Weekly  sample. 

13.27 
13.55 
13.79 
13.54 

13.25 
13.43 
13.62 

4.23 
4.62 
4.59 

4.05 
4.40 
4.52 

9.04 
8.93 
9.20 

9.20 
9.03 
9.10 

0.519 
0.539 
0.547 

0.531 
0.543 
0.544 

0.69 
0.70 
0.72 

0.72 
0.71 
0.72 

Averages,  . 

13.43 

4.48 

4.32 

9.06 

9.11 

0.535 

0.539 

0.70 

0.72 

Second  j^criod :  Herd  I. 

normal  oil 

xition 

;  Herd  II.,  excess  oil  rat 

ion. 

Weekly  sample, 

14.00 

14.36 

5.07 

5.56 

8.93 

8.80 

0.550 

0.511 

0.71 

0.72 

Weekly  sample, 

14.12 

- 

6.05 

- 

9.07 

- 

0.581 

- 

0.71 

- 

Weekly  sample, 

14.16 

14.25 

4.96 

5.24 

9.20 

9.01 

0.572 

0.529 

0.72 

0.71 

Weekly  sample. 

14.21 

14.19 

5.16 

5.27 

9.05 

8.92 

0.574 

0.532 

0.73 

0.71 

Weekly  sample. 

14.26 

14.02 

5.08 

5.14 

9.18 

8.88 

- 

- 

- 

- 

Weekly  sample. 

14.21 

14.03 

5.13 

5.19 

9.08 

8.84 

0.575 

0.519 

0.72 

0.71 

Weekly  sample. 

14.07 

13.85 

4.85 

4.96 

9.22 

8.89 

0.575 

0.517 

0.72 

0.70 

Weekly  sample, 

14.07 

13.92 

4.85 

5.00 

9.22 

8.92 

0.572 

0.531 

0.72 

- 

Weekly  sample, 

- 

13.96 

- 

5.05 

- 

8.91 

- 

- 

- 

- 

Weekly  sample, 

14.30 

14.06 

4.85 

4.93 

9.45 

9.13 

0.587 

0.536 

0.72 
0.72 

0.71 

Averages,  . 

14.16 

14,07 

5.00 

5.15 

9.16 

8.92 

0.573 

0.525 

0.71 

Third  2>criod :  both  herds  normal  oil  ration. 


Weekly  sample. 
Weekly  sample, 

14.14 
14.06 

13.54 
13.70 

4.87 
4.68 

4.38 
4.28 

9.27 
9.38 

9.16 
9.42 

0.561 
0.566 

- 

0.70 
0.71 

Averages,  , 

14,10 

13.62 

4.77 

4.33 

9,33 

9.29  1 

- 

0.563 

- 

0,71 

In  studying  the  average  result.^,  one  notes  that  in  the  first 
period  both  herds  produced  milk  of  approximately  the  same 
quality.  The  second  period  of  twelve  weeks  showed  an  in- 
crease in  the  fat  of  Herd  I.  from  4.4.S  to  5,  or  .52  per  cent., 
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—  a  natural  increase,  due  to  the  advance  in  the  period  of 
lactation;  and  in  Herd  II.  from  4.32  to  5.15,  or  .83  per 
cent.  The  percentage  increase  in  Herd  I.  Avas  11.6  })er 
cent,  and  in  Herd  II.  19.2,  showing  that  Herd  II.  made  the 
greater  average  increase.  The  total  solids  increased  al)out 
the  same  in  each  herd.  The  average  nitrogen  percentage 
increased  for  Herd  I.  from  .535  to  .573,  in  about  the  same 
proportion  as  the  total  solids;  while  Herd  II.,  instead  of 
showing  an  increase,  had  a  slight  decrease.  The  ash  remained 
practically  unchanged.  In  the  third  period  there  was  a  slight 
decrease  in  the  total  solids  and  fat  of  Herd  I.,  and  a  very 
noticeable  decrease  in  the  fat  of  Herd  II.  The  nitrogen  per- 
centage of  Herd  II.  in  this  period  increases  to  about  the  average 
produced  by  Herd  I.  in  the  second  period.  To  note,  how- 
ever, the  full  effect  of  the  excess  oil  ration,  one  must  observe 
the  weekly  analyses  of  the  milk  of  both  herds  in  the  excess 
oil  period.  For  example,  the  last  fat  test  in  the  normal  oil 
period  was  4.59  per  cent,  for  Herd  L  and  4.52  per  cent,  for 
Herd  II.  The  first  fat  test  in  the  second  period  was  5.07 
for  Herd  I.  (receiving  the  normal  oil  ration)  and  5.56  for 
Herd  II.  (receiving  the  excess  oil  ration).  During  this 
entire  period  Herd  I.  showed  little  variation  in  fat,  and 
averaged  5  per  cent.  Herd  II.  increased  from  4.48  to  5.56 
at  the  beginning  of  the  excess  oil  period,  and  then  grad- 
ually decreased,  until  at  the  close  of  the  period  it  tested 
4.93  and  averaged  5.15  per  cent,  of  fat.  When  it  is  remem- 
bered that  the  figures  given  represent  the  mixed  milk  of  five 
cows,  it  seems  safe  to  conclude  that  the  excess  of  oil  did  in- 
crease the  percentage  of  fat  in  the  milk,  but  the  increase  was 
only  temporary,  the  fat  percentage  gradually  dropping  back 
to  an  amount  parallel  with  Herd  I.  The  nitrogen  percentage 
of  Herd  II.  in  the  second  period  did  not  increase  so  rapidly 
as  did  the  fat.  At  the  beginning  of  the  period  it  was  less 
than  at  the  close  of  Period  I.,  and  did  not  begin  to  increase 
until  near  the  close  of  the  period.  In  the  third  period  it 
was  apparently  normal  again. 

One  might  suppose  that  the  fat  increase  in  the  case  of 
Herd  II.  could  be  accounted  for  by  the  shrinkage  in  milk 
production.     The  shrinkage,  however,  was  no  more  than 
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with  Herd  I.  Again,  should  this  be  the  case,  why  should 
not  the  nitrogen  increase  in  the  same  proportion,  instead  of 
actually  decreasing,  etc.  ? 

To  summarize  briefly,  the  marked  effect  of  the  oil  was  to 
produce  a  quite  noticeable  increase  in  the  percentage  of  milk 
fat  when  first  fed ;  this  increase  gradually'  diminished,  until 
at  the  end  of  the  fifth  week  it  reached  the  normal.*  When 
the  excess  oil  ration  was  removed,  the  milk  fat  percentage 
dropped  noticeably  below  the  normal.  A  second  effect  of 
the  oil  ration  was  to  cause  a  depression  in  the  percentage  of 
nitrogen  in  the  milk,  which  began  to  increase  only  towards 
the  close  of  the  period,  and  increased  to  the  normal  percent- 
age when  the  excess  oil  ceased  to  be  fed.  As  a  result  of 
this  experiment,  one  is  led  to  inquire  in  what  way  the  oil  in 
the  feed  caused  the  temporary  increase  of  fat  in  the  milk. 
Does  the  feed  oil  to  any  extent  enter  directly  into  the  milk 
flit,  or  does  it  by  sul)stitution  cause  the  body  fat  to  l)e  util- 
ized by  the  animal  in  the  production  of  milk  fat,  as  Soxhlet 
suggests ;  or  does  the  feed  oil  produce  a  disturbance  in  the 
milk  glands,  causing  an  increased  fat  secretion,  by  utilizing 
a  portion  of  the  material  that  would  otherwise  become  nitrog- 
enous matter  and  nulk  sugar?  These  are  questions  worthy 
of  further  investigation. 

This  experiment  is  rather  more  decisive  in  its  teachings 
than  many  earlier  investigations.  The  question  for  further 
investigation  is,  whether  other  oils,  derived  from  cotton-seed, 
corn,  etc.,  act  in  a  similar  way  to  linseed  oil.  Investigations 
touching  this  and  other  points  are  now  in  progress. f 

(d)  TiiE  Effect  of  Linseed  Oil  on  Butter  Fat. 

Two  samples  of  butter  fat  Averc  taken  weekly  from  each 
herd,  in  the  ex])eriment  above  described,  and  u[)on  analyses 
yielded  the  following  average  results  :  — 

*  By  normal  is  meant  tlie  percentasre  produced  by  Herd  I. 

t  Tliis  experiment  was  completed  during  the  winter  of  1898-99,  but  lias  remained 
unpublished,  owiui,'  to  the  proloni^ed  illness  of  the  writer.  Since  that  time  Hills 
(twelfth  report,  Vermont  Experiment  Station),  Rhodin  (Milch  Zeitunij  27,  pi>.  306- 
323,  1898),  Bartlett  (fourteenth  report,  Maine  Experiment  Station)  and  others  have 
published  results  of  a  similar  nature,  to  which  more  extended  reference  will  bo  made 
at  another  time. 
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Butter  Fat  Analyses. 
First  period :  both  herds  normal  oil  ration. 


HERDS. 

Length  of 

Period 
(Weeks). 

Specific 
Gravity 

\m)' 

Reichert- 

Meissl 
Number. 

Butyric 

Acid 

Equivalent. 

Melting 

Point 

(Degrees  C). 

Iodine 
Number. 

Herd  I 

Herd  11 

2 
2 

.906 
.900 

29.79 
28.02 

5.24 
6.04 

31.99 
82.24 

28.93 
30.02 

Second  period :  Herd  II.,  excess  oil  ration. 

Herd  I.,     .        . 
Herd  II.,    . 

12 
12 

.904 
.903 

30.28 
25.17 

5.33 
4.43 

32.89              28.10 
30.93              43.19 

Third  jieriod :  both  herds  normal  oil  ration. 

Herd  I.,     . 

Herd  II 

2 
2 

- 

27.90 

4.92 

33.03 

32.15 

The  averages  show  that  the  efTect  of  the  oil  was  to  depress 
the  volatile  acids  and  to  increase  the  melting  point  and  iodine 
number.  The  change  was  noted  in  the  case  of  Herd  II.  at 
the  beginning  of  the  excess  oil  period,  and  continued  unin- 
terrupted until  its  close. 

In  the  third  period  of  two  weeks  (one  Aveek  preliminary 
and  two  weeks  proper),  in  which  both  herds  received  the 
normal  oil  ration,  the  butter  fat  in  case  of  Herd  II.  changed 
in  composition  nearly  to  that  of  Herd  I.  at  the  close  of  the 
second  period.  The  etiect  of  the  change  of  feed  was  observed 
at  the  close  of  the  first  week,  but  it  seemed  to  require  several 
weeks  for  the  animals  to  thoroughly  readjust  themselves.  It 
is  evident  that  the  linseed  oil  caused  a  butter  fat  to  be  pro- 
duced having  lower  volatile  acids  than  that  produced  in  the 
normal  oil  period.  One  would  also  assume  that  it  caused  a 
change  in  the  relative  proportions  of  stearin,  palmitin  and 
olein.  The  question  arose  as  to  whether  linolic  and  linolinic 
acids  —  the  characteristic  acids  of  linseed  oil  —  had  been 
actually  transmitted  to  the  butter  fat,  and  an  effort  was  made 
to  detect  them,  but  without  positive  results.  We  hope  to 
still  further  investiijate  this  matter. 
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(e)     The  Effect  of  Linseed  Oil  ox  Butter. 

When  this  experiment  was  begun  it  was  not  the  intention 
to  convert  the  cream  into  butter,  but  to  note  [)articuhirly 
the  effect  of  the  oil  on  the  composition  of  the  milk  and  but- 
ter fat.  The  oil,  however,  effected  such  a  chanoje  in  the 
chemical  character  of  the  butter  fat  that  it  seemed  wise  to 
note  its  effect  on  the  resulting  butter  product.  Accordingly 
six  lots  of  butter  were  made  from  each  herd,  towards  the  close 
of  the  second  or  excess  oil  period.  It  was  not  possible  at 
the  time  to  make  a  first-class  article,  owing  to  poor  facilities. 
We  were  obliged  to  ripen  the  cream  in  cans,  to  churn  with 
a  small  hand  churn  and  to  work  the  butter  with  a  small 
paddle.*  Two  lots  of  butter  from  each  herd  were  submitted 
to  chemical  analysis,  and  found  to  be  of  normal  character. 
They  contained  from  about  10  to  12  per  cent,  of  water,  85 
to  87  per  cent,  of  butter  fat,  less  than  1  per  cent,  of  curd 
and  a  normal  amount  of  salt.  The  several  samples  were 
scored  by  Mr.  W.  A.  Gude,  of  the  firm  of  Gude  Bros., 
New  York,  who  stated  that  both  lots  were  of  poor  fiavor, 
having  a  burnt  taste,  as  of  rendered  l)utter ;  and  the  l)ody 
from  Herd  I.  was  short  grained,  brittle  and  crumbly ;  from 
Herd  II.,  salvy  or  very  salvy. 

Mr.  C.  H.  Eckles,  butter  maker  at  the  college  dairy 
school,  reported  as  follows  concerning  the  body  and  flavor 
of  the  several  Ijutters  :  "The  butter  from  the  normal  ration 
is  considerably  firmer  than  that  from  the  excess  oil  ration, 
ajid  the  grain  is  shorter.  As  com})ared  with  the  product  of 
the  best  creamery  butter,  neither  is  exactly  normal  in  con- 
sistency, the  normal  ration  butter  being  more  crumbly  and 
the  butter  from  the  excess  oil  ration  more  salvy  or  greasy 
than  normal.  From  a  commercial  stand-point,  the  body  of 
excess  oil  butter  is  possibly  the  more  objectionable.  The 
flavor  and  aroma  of  normal  ration  butter  is  inferior  to  that 
of  excess  oil  Initter.  In  case  of  the  former,  something  of 
an  old  flavor,  impossible  to  describe,  is  noticed.  The  flavor 
of  excess  oil  butter,  while  not  very  good,  is  more  the  flavor 

*  Since  then  a  small  dairy  buiklinir  for  experimental  purposes  has  been  erected 
and  fully  equipped  for  this  doiiartmcnt. 


24  HATCH   EXPERIMENT   STATION.         [Jan. 

of  fresh  butter."  Referring  to  another  lot,  Mr.  Eckles  says  : 
*'The  same  difference  in  consistency  was  observed,  and  in 
about  the  same  degree,  and  the  difference  in  flavor  was  the 
same,  but  more  marked." 

The  writer  lays  no  claim  to  being  an  expert  judge  of  but- 
ter, but  his  observations,  made  at  the  time,  were  as  follows  : 
Butters  from  normal  ration  were  hard  and  firm  at  15°  C, 
and  those  from  excess  oil  ration  of  a  softer,  lardy  nature. 
It  required  some  effort  to  force  a  glass  rod  into  normal 
ration  butter,  but  the  same  rod  slipped  much  easier  into 
excess  oil  butter.  One  could  distinguish  the  two  butters 
almost  with  the  eye,  and  easily  with  the  touch.  Samples  of 
the  two  butters  were  placed  in  crystallization  dishes  upon  a 
hot-water  radiator.  Normal  ration  butter  remained  firmer 
for  a  time  than  excess  oil  l)utter,  but  resolved  itself  into  oil 
more  quickly.  When  normal  ration  butter  was  nearly  all 
oil,  excess  oil  butter  was  soft  enough  to  spread  out  over  the 
bottom  of  the  dish,  but  had  melted  but  little.  This  latter 
observation  is  very  interesting,  and  shows,  at  least  in  case 
of  this  experiment,  that  the  melting  point  of  the  butter  fat 
did  not  govern  the  firmness  or  body  of  the  butter.  Docs  this 
hold  true  in  all  cases  ?  The  average  melting  point  of  normal 
oil  butter  fat  was  32.89  and  of  excess  oil  butter  fat  36.93. 
AVhile  the  excess  oil  butter  fat  showed  a  melting  point  4° 
higher  than  the  normal  oil  fat,  yet  the  normal  oil  Ijutter  was 
firmer  at  ordinary  temperature,  and  kept  its  body  better 
when  a  gentle  heat  was  applied.  When,  however,  the  heat 
was  increased,  the  firmer  normal  oil  Initter  actually  resolved 
itself  into  oil  more  quickly  than  did  the  salvy  excess  oil  but- 
ter.    The  reason  for  this  cannot  bo  discussed  at  this  time. 

It  is  clear,  from  the  foregoing  observations,  that  the  but- 
ters from  both  herds  were  of  quite  inferior  flavor.  It  was 
unfortunate  that  our  facilities  for  Initter  making  at  fhe  time 
were  not  better.  Just  why  the  flavor  of  both  lots  was  so 
poor  is  not  quite  clear,  as  they  were  made  by  an  experienced 
butter  maker,  the  stable  was  clean  and  the  milk  carefully 
handled.  How  much  of  this  is  to  be  attributed  to  poor 
facilities,  how  much  to  inferior  bacteria  and  how  much  to 
influence  of  food,  cannot  be  ascertained.     The  butters  were 
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probably  rather  overworked.  One  point,  however,  stands 
out  very  distinctly ;  namely  y  the  injluence  of  food  on  the  body 
of  (he  butter.  The  linseed  oil  surely  produced  a  butter  of 
high  melting  point,  yet  soft  and  salvy,  and  unable  to  stand 
up  under  a  gradually  rising  temperature,  as  did  the  butter 
when  the  oil  was  not  fed. 

The  above  experiment  naturally  suggests  two  questions  : 
First,  do  the  oils  in  the  various  feed  stuffs  tend  to  produce 
a  salvy  butter,  lacking  in  firmness?  Second,  what  is  the 
effect  of  different  forms  of  protein,  as  found  in  linseed,  cot- 
ton-seed and  gluten  meals  on  the  body  of  butter? 

(/)  The  Effect  of  Different  Concentrated  Feeds 
ON  Butter  Fat  and  Butter. 

At  the  close  of  the  above  experiment  it  seemed  advisable 
to  note  the  eflect  of  several  concentrated  feeds,  as  they  are 
found  in  the  markets,  upon  the  character  of  butter  fat  and 
butter.  Accordingly  a  "  standard"  grain  ration  was  adopted, 
and  other  rations  compared  with  it.  It  is  not  to  be  inferred 
that  the  so-called  ''standard"  ration  is  superior  to  all  other 
rations,  Init  simply  that  it  was  thought  to  l)e  a  safe  and  desir- 
able ration,  and  likely  to  produce  a  normal  butter. 

Two  ex})erimcnts,  known  as  Experiments  IV.  and  V.,* 
were  completed  in  the  spring  of  1898,  with  twelve  cows, 
divided  into  two  herds  of  six  cows  each.  Rations  containing 
4  pounds  of  Cleveland  flax  meal  and  4  pounds  of  Chicago 
gluten  meal,  respectively,  were  compared  wnth  the  standard 
ration.  Herd  II.  received  the  standard  ration,  and  Herd  I. 
the  Cleveland  flax  meal  and  Chicago  gluten  meal  rations. 
All  these  rations  contained  only  a  normal  amount  (.5  to  .6 
pounds)  of  digestible  oil,  while  the  Cleveland  flax  or  the 
Chicago  gluten  meal  themselves  contained  less  than  3  per 
cent,  of  oil,  so  that  one  could  note  particularly  the  effect  of 
the  protein  in  the  linseed  and  gluten  meals  on  the  butter  fat 
and  butter. 

*  These  two  experiments  were  made  in  connection  with  the  Department  of  Agri- 
culture. 
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Daily  Ration  {Pounds). 


RATIONS. 

Wheat 
Bran. 

Ground 
Oats. 

Cotton- 
seed 
Meal. 

Chicago 
Gluten 
Meal. 

Cleveland 
Flax  Meal. 

First 
Cut 
Hay. 

Corn 
Silage. 

Standard  ration, 

Cleveland  llax  meal  ra- 
tion. 

Chicago  gluten  meal  ra- 
tion. 

3 
2 
2 

5 
2 
2 

.5 

.5 
4 

4 

12-15 
12  15 
12-15 

20 
20 
20 

The  experiments  proper  lasted  five  weeks,  preceded  l)j  a 
preliminary  period  of  ten  to  fourteen  days. 


Experiment  IV. 

[Standard  ration  v.  Cleveland  flax  meal  ration.] 

Five  samples  of  butter  fat  were  analyzed,  with  the  follow- 
ing average  results  :  — 

Butter  Fat  Analyses. 


RATIONS. 

Reichert- 

MeiBsl 
Number. 

Butyric 

Acid 

Equivalent. 

Insoluble 
Acids. 

Melting 
Point. 

Iodine 
Number. 

Standard  ration, 

Cleveland  flax  meal  ration, 

30.92 
29.50 

5.44 
5.19 

88.48 
88.69 

33.80 
33.23 

28.96 
26.77 

The  averages  show  comparatively  slight  variations,  the 
fats  resulting  from  both  rations  being  normal  in  character. 
The  Cleveland  flax  meal  ration  produced  a  fat  with  less 
volatile  acids  and  a  trifle  lower  melting  point  and  iodine 
number  than  did  the  standard  ration.  Whether  this  difler- 
ence  is  due  to  the  individuality  of  the  two  herds,  or  to  the 
influence  of  the  linseed  meal,  cannot  be  stated. 

Ten  lots  of  l:)utter  were  made  from  each  herd.  The  ripen- 
ing, churning,  etc.,  were  made  in  the  same  way  as  in  the 
previously  described  linseed  oil  experiment  (Experiment 
III.).  Five  lots  of  butter  made  from  each  ration  were  an- 
alyzed and  found  to  be  of  normal  character.  The  ten  lots 
were  scored  by  Mr.  W.  A.  Gude  of  New  York,  with  the 
foUowino;  average  results  :  — 
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Average  Butter  Score. 


Flavor. 

Body. 

Color. 

Salt. 

Style. 

Total. 

Staudard  ration, 

Cleveland  flax  meal  ration, . 

35.9 
31.4 

24.2 
22.0 

15 
15 

10 
10 

6 
5 

00.1 

82.4 

Standard  Bcorc 

46.0 

25.0 

16 

10 

5 

100.0 

Mr.  Gude  reported  the  flavor  of  the  butter  from  the  flax 
meal  ration  as  "  stale,  rancid  or  oily,"  "  strong,  oily,  seems 
rancid,"  "oily,"  etc.  Concerning  the  flavor  of  standard 
ration  butter  he  reported  ' '  fair  to  fine  "  and  in  four  instances 
he  referred  to  "  oily  flavor."  With  regard  to  body  of  flax 
meal  butter  he  used  the  terms  "  brittle,  dry,  salvy,  short," 
and  for  standard  ration  butter  "  good,  but  trifle  short,"  and 
♦♦perfect."  In  a  letter  Mr.  Gude  said:  "While  trying  to 
pay  particular  attention  to  body,  I  notice  that  the  most  ob- 
jectionable feature  is  that  peculiar  oily  taste,"  etc.  "  This  I 
notice  you  have  apparently  overcome  in  No.  1282  "  (stand- 
ard ration  1)uttcr) .  Again  :  "I  notice  a  particular  improve- 
ment in  the  quality,  particularly  of  samples  1272  and  1274" 
(standard  ration  butter). 

Tlie  butters  were  rather  dry,  having  about  12  per  cent,  of 
water.  It  is  clear  that,  while  the  l)utter  made  from  both 
rations  did  not  score  high,  that  made  from  the  flax  meal 
ration  was  noticeably  inferior  in  flavor  and  in  l)ody  to  the 
standard  ration  butter.  This  seems  to  agree  with  the  lin- 
seed oil  experiment  (Experiment  III.).  In  that  experi- 
ment, even  when  only  two  pounds  of  flax  meal  were  fed,  the 
flavor  was  inferior ;  and  when  flax-seed  meal  was  fed  the 
body  and  flavor  were  both  bad.  It  is  not  desired,  however, 
to  be  too  positive  about  the  flax  meal  (linseed  nuvU,  with  a 
minimum  amount  of  oil)  producing  an  inferior-flavored  but- 
ter, but  we  prefer  to  call  attention  to  the  results  thus  far 
secured,  and  to  repeat  the  ex})eriment. 
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Experiment  V. 

[Standard  ration  v.  Chicago  gluten  meal  ration.] 

This  experiment  was  identical  with  Experiment  IV.,  ex- 
cepting that  4  pounds  of  the  Chicago  gluten  meal  (corn 
gluten)  were  substituted  for  4  pounds  of  flax  meal.  The 
average  results  of  the  analyses  of  five  samples  of  butter  fat 

follow :  — 

Butter  Fat  Analyses. 


RATIONS. 

Reichert- 

Meissl 
Number. 

Butyric 

Acids 

Equivalent. 

Insoluble 
Acids. 

Melting 
i'olnt. 

Iodine 
Number. 

Standard  ration 

Chicago  gluten  meal  ration, 

30.07 
32.07 

5.29 
5.64 

88.84 
88.26 

34.76 
33.04 

29.00 
27.67 

No  wide  variations  are  noted.  The  Chicago  gluten  ration 
produced  rather  more  volatile  acids,  a  trifle  less  insolul)le 
acids,  a  lower  melting  point  and  a  lower  iodine  number. 
The  diflerences  are  too  slight  to  draw  any  positive  conclu- 
sions. In  both  these  experiments  (Experiments  IV.  and 
V.)  one  notes  that  the  standard  ration  produced  butter  with 
a  little  higher  melting  point  and  a  lower  iodine  number. 
All  the  butter  fats,  however,  were  of  normal  character. 

Ten  lots  of  butter  were  made  from  each  ration,  under  sim- 
ilar conditions,  as  previously  described.  Five  samples  were 
analyzed  chemically  and  found  to  be  normal.  The  butter 
was  quite  dry,  showing  but  11  per  cent,  of  water.  Mr. 
Gude  scored  the  ten  samples  made  from  each  ration  with  the 
following  average  results  :  — 

Average  Butter  Score. 


Flavor. 

Body. 

Color. 

Salt. 

Style. 

Total. 

Standard  ration, 

Chicago  gluten  ration 

35.6 
35.2 

23.8 
24.0 

15 
15 

10 
10 

5 
5 

89.4 
89.2 

Standard  score, 

45.0 

25.0 

15 

10 

5 

100.0 

These  butters  appear  to  be  practically  identical,  no  partic- 
ular feed  influence  beinff  noted.     The  first  four  or  five  lots 
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from  each  ration  were  reported  as  having  a  "tainted  oil" 
llavor,"  and  were  marked  down.  The  last  five  lots  were  re- 
ported as  l)eing  "good,"  "clean  Havor,"  etc.,  and  scored  38 
and  39  out  of  a  possible  45.  The  body  of  each  of  the  two 
lots  was  reported  a  "trifle  short,"  "  brittle,"  "breaks  easily," 
etc.,  and  Avere  marked  down  one  point.  The  score  is  not 
very  high,  due  to  rather  poor  flavor.  This  is  attri))uted, 
partly  at  least,  to  rather  poor  facilities  in  ripening  and 
handlino;  and  not  to  feed.  The  corn  gluten  in  this  case  does 
not  ap})ear  to  have  had  any  l)ad  influence  on  the  l)ody  of  the 
butter.  It  is  held  by  many  that  gluten  products  produce  a 
soft,  salvy  butter.  This  we  are  inclined  to  attribute  to  the 
influence  of  the  corn  oil,  which  is  now  largely  removed  l)e- 
fore  the  gluten  products  are  put  upon  the  market.  Bartlctt's 
recent  experiments  support  this  view.* 

Both  lots  of  butter  were  tested  for  firmness  of  body  by  the 
usual  method  of  allowing  a  plunge  of  given  weight  to  drop 
from  a  certain  height,  noting  the  degree  of  penetration  in 
millimeters.  The  average  figures  were  6.9  millimeters  for 
the  standard  ration,  and  6.7  millimeters  for  the  Chicago 
gluten  meal  ration,  showing  practically  no  diflerence. 

Experiment  VI.     1899-1900. 

[Period  I.,  standard  ration,  both  herds;  Period  II.,  standard  ration  v.  King  gluten 
meal  ration ;  Period  III.,  standard  ration  r.  cotton-seed  meal  ration.] 

During  the  winter  of  1899-1900  another  experiment  was 
instituted,  to  note  the  effect  of  King  gluten  meal,  with  14 
per  cent,  corn  oil,  and  normal  cotton-seed  meal,  with  12.6 
l)er  cent,  oil,  on  the  1)utter  fat  and  butter.  Ten  cows  were 
divided  as  evenly  as  possible  into  herds  of  five  each.  In  the 
first  period,  lasting  two  weeks, j  both  licrds  were  fed  the 
standard  ration.  In  the  second  })eriod  of  five  weeks  f  Herd 
I.  received  the  standard  ration  and  Herd  II.  the  King  gluten 
meal  ration.  In  the  third  period  of  five  weeks  f  Herd  I.  re- 
ceived the  standard  ration  and  Herd  II.  the  cotton-seed  meal 
ration.  It  will  thus  be  seen  that  ])<)tli  Herds  received  the 
same  ration  in  the  first  period,  then  Herd  II.  was  changed 

*  Maine  Experiment  Station  report,  1898,  pp.  97-113. 
t  Preliminary  period  of  two  weeks  not  included. 
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to  the  other  two  rations  and  Herd  I.  was  used  as  a  check  for 
comparison.     The  several  rations  were  as  follows  :  — 

Daily  Rations  (Pounds). 


RATIONS. 

Wheat 
Bran. 

Ground 
Oats. 

Cotton- 
seed 
Meal 

Chicago 
Gluten 
Meal. 

Ir  -si-- 

Standard  ration, 
King  gluten  meal, 
Cotton-seed  meal, 

3 

2 

2 

5 
2 
2 

.5 
4 

.5 

4 

20 
20 
20 

10-15 
10-15 
10-15 

The  averaofe  results  follow  :  — 


Analyses  of  Butter  Fat. 
First  period :  both  herds  standard  ration. 


HERDS. 

Numlier 
Samples. 

Saponifica- 
tion 
Equivalent. 

Insoluble 
Acids. 

Reichert- 

Meiesl 
Number. 

Butyric 

Acid 

Equivalent. 

Melting 

Point 

(Degrees  C). 

Iodine 
Number. 

Herd  I., . 
Herd  II., 

4 
4 

233.3 
232.9 

88.35 
87.98 

32.18 
32.64 

5.67 
5.74 

34.08 
33.94 

25.84 
26.78 

Second  j)eriod :   Herd  I.,  standard  ration ;  Herd  II.,  King  gluten  meal 

ration. 

Herd  I., . 
Herd  II., 

10 
10 

232.4 
231.0 

88.27 
88.24 

31.48 
32.62 

5.54 
5.76 

34.00 
32.80 

26.44 
32.75 

Tliird  pei-iod :  Herd  I.,  standard  ration ;  Herd  II.,  cotton-seed  meal  ration. 

Herd  I.,  . 
Herd  II., 

10 
10 

229.6 
227.9 

88.62 
88.70 

30.56 
31.03 

5.38 
5.46 

34.12 
35.60 

26.35 
29.35 

The  experiment  began  December  7  and  ended  April  15, 
or  130  days.  It  is  interesting  to  note  the  evenness  in  the 
composition  of  the  butter  fat  during  this  time  produced  by 
Herd  I.  receiving  the  standard  ration.  There  was  a  slight 
decrease  in  the  saponification  equivalent  and  the  Reichert- 
Meissl  number,  but  practically  no  change  in  the  melting 
point  or  iodine  number. 

In  the  first  period  both  herds  produced  butter  fat  of  sim- 
ilar composition.  In  the  second  period  the  fiit  produced  by 
Herd  II.,  receiving  the  King  gluten  meal  ration,  showed  no 
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change  in  Rcichcrt-Meissl  numl)ci',  a  slight  (lc[)ro.ssi()n  in 
melting  point  and  a  notic'ca))le  increase  in  the  iodine  ninn- 
bcr.  The  elleet  would  prol)al)ly  have  been  more  marked 
had  more  corn  oil  been  fed.  In  the  case  of  the  linseed  oil 
experiment  both  the  melting  point  and  iodine  number  were 
increased. 

In  the  third  period  the  fat  produced  by  llie  collon-seed 
meal  ration  showed  but  littk!  change  in  composition  from 
that  produced  l)y  the  standard  ration. 

It  seems  evident  that  ditlcrent  oils  —  linseed,  corn  and 
cotton-seed  oils  —  exert  a  ditierent  influence  on  butter  fat, 
these  oils  themselves  being  of  ditierent  composition. 

In  making  the  butter,  the  creams,  raised  by  the  gravity 
process,  were  treated  as  nearly  alike  as  [)ossil)lc.  Our  dairy 
building  was  completed,  and  aftbrded  excellent  facilities  for 
doing  the  work.  The  cream  was  ripened  to  approximatc^ly 
.7  acidity  in  forty-eight  hours.  A  skim-milk  starter  was 
used  w^ithout  the  aid  of  any  specially  prepared  ferment. 
Every  sample  of  butter  was  analyzed  and  found  to  bo  normal, 
showing  about  12  per  cent,  of  water,  80  to  82  per  cent,  of 
butter  fat  and  1  per  cent,  casein.  The  butters  were  scored 
by  Mr.  W.  A.  Gude,  with  the  following  average  results  :  — 


Average  Butter  Score. 
First  period  :  both  herds  standard  ration. 


HERDS. 

Number 
Samples. 

Flavor. 

Body. 

Color. 

Salt. 

Style. 

Total. 

Herd  I 

Herd  II 

4 
4 

36.2 
36.2 

23.4 
23.4 

15 
15 

10 
10 

5 
5 

89.6 
89.6 

Second  j)criod :   Herd  I.,  standard  ration;  Herd  II.,  King  gluten  Dical 

ration. 


Herdl 

10 

37.8 

24.0 

15 

10 

5 

91.8 

Herd  11.,      .... 

10 

39.7 

24.9 

15 

10 

5 

94.6 

Third  period  :  Herd  I.,  standard  ration ;  Herd  II.,  cottonseed  meal  ration. 


Herd  I 

Herd  11 

10 
10 

36.0 
35.9 

24.1 
24.4 

-15 
15 

10 

10 

5 
5 

5 

90.1 
90.3 

Standard  scoru,   . 

- 

45.0 

25.0 

15 

10 

100.0 
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Mr.  Glide's  notes  concerning  the  different  samples  are  as 
follows  :  First  period  :  flavor,  "  fiiir  aroma,"  "  fairly  clean," 
"  oily  taste  ;  "  body,  "short  and  breaks  easily,  seems  brittle," 
"  slightly  short  and  In-ittle."  Second  period  :  flavor.  Herd  I., 
"  fairly  clean,  lacks  aroma,"  "  defective  ;  "  Herd  II.,  "  clean 
and  fine;"  body,  Herd  L,  "brittle,  short,  seems  light  and 
s[)ongy,  trifle  salvy  ;  "  Herd  II.,  "  all  right."  Third  period  : 
flavor,  Herd  I.,  "fairly  clean,  Imt  lacks  aroma,"  "slight 
taints;"  body.  Herd  I.,  "spongy  when  soft,  short  and 
crumbles  when  hard;"  Herd  II.,  "perfect,"  "short  when 
soft,   crumbles  Avhen  hard,"  "  salvy  to  taste." 

Average  Degree  of  Penetration  (Milli meters) . 


HERDS. 

First 
Period. 

Second 
Period. 

Tliird 
Period. 

Herd  I., 

Herd  11 

4.8 
4.9 

4.9 
6.7 

5.4 
5.8 

Our  own  deductions,  based  on  the  score  and  remarks  of 
Mr.  Gude  and  the  degree  of  penetration  concerning  this  ex- 
periment, are  as  follows  :  The  tendency  of  the  standard 
ration  was  to  make  butter  with  a  firm  body  and  likely  to 
crumble.  It  seemed  also  to  produce  at  times  a  slight  oily  or 
defective  flavor.  The  hardness  is  proliably  due  to  the  oats, 
and  possibly  the  oily  flavor  to  the  oil  of  the  oats.  The  King 
gluten  meal  seemed  to  produce  a  butter  very  satisfactory  to 
Mr.  Gude.  He  gave  it  an  average  score  of  94.6,  spoke  of 
its  flavor  as  clean  and  fine  and  of  its  body  as  perfect.  The 
degree  of  penetration  shows  it  to  be  a  softer,  more  yielding 
butter  than  that  produced  by  the  standard  ration.  This  con- 
dition is  probably  brought  about  by  the  corn  oil.  Butters 
of  this  consistency  are  objected  to  by  some.  It  is  our  inten- 
tion soon  to  feed  corn  gluten  without  oil,  and  the  same  with 
diflerent  quantities  of  oil. 

The  cotton-seed  ration  produced  Ijutter  of  about  the  same 
quality  and  conditioji  as  the  standard  ration.  Mr.  Gude 
spoke  of  it  as  lacking  aroma  and  having  a  slight  taint,  and 
of  being  rather  spongy  when  soft  and  crumliling  when  hard. 
This  Ijutter  is  firmer  than  the  Kin2:  g-luten  butter.     It  w^ould 
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be  of  interest  to  note  the  influence  of  the  cotton-seed  protein 
and  the  cotton-seed  oil  separately  on  the  butter,  and  we 
hope  to  carry  out  such  experiments. 

It  is  clear,  from  our  several  experiments,  that  food  does 
influence  to  a  noticeable  degree  the  composition  of  the  butter 
fat  and  the  body  of  the  l)utter.  It  seems  also  to  influence 
the  flavor ;  to  what  extent,  as  compared  with  the  influence 
produced  l)y  bacteria,  is  not  (^uite  clear.  This  matter  is 
being  given  further  study. 


B.  —  THE    COMPOSITION,    DIGESTIBILITY    AND    FEEDING 
VALUE   OF  BARNYARD   MILLET   (Panicum  crus-galli). 

J.  B.  LINDSEY. 

Conclusions. 

1.  Barnyard  millet  is  a  warm- weather  plant,  similar  in 
this  respect  to  Indian  corn. 

2.  As  harvested  in  early  blossom,  the  fodder  contains  less 
nitrogen-free  extract  matter,  more  fil)re  or  woody  matter, 
and  rather  more  ash  than  corn  fodder.  The  seed  resembles 
the  cereals  (especially  oats)  in  composition.  It  contains 
considerable  more  fibre,  rather  more  ash  and  5  to  6  per  cent, 
less  extract  matter  than  maize. 

3.  Barnyard  millet,  grown  on  naturally  moist  and  fertile 
land,  will  probably  yield  as  much  dry  matter  per  acre  as 
corn. 

4.  It  has  less  nutritive  value  than  the  corn,  the  principal 
reason  for  tliis  being  that  the  corn  can  partially  mature  its 
grain  and  still  be  readily  eaten  by  animals,  while  the  millet 
must  be  cut  when  in  blossom  to  secure  it  in  the  most  de- 
sirable condition  for  feeding. 

5.  It  is  not  suitable  for  hay,  and,  wliile  it  makes  a  fairly 
satisfactory  silage,  it  is  inferior  to  maize  as  a  silage  crop. 

6.  It  furnishes  a  desirable  green  feed,  especially  during 
the  month  of  August,  and  it  is  for  this  puiyose  that  it  can 
be  most  satisfactorily  utilized. 

7.  The  millet  can  be  used  for  silage  in  place  of  corn 
whenever  it  is  not  convenient  or  possible  to  grow  the  latter. 
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Preliminary  Statement. 
During  the  hist  ten  years  the  attention  of  farmers  has  been 
frequently  called  to  the  value  of  several  varieties  of  Japanese 
millets.*  Experiments  have  demonstrated  the  Paniciwi 
crus-galli — now  termed  barnyard  millet  —  to  be  the  most 
useful  Japanese  variety  for  fodder  purposes ;  and  this  de- 
partment has  endeavored  to  ascertain,  by  experiment  and 
observation,  its  relative  value,  as  compared  with  other  mate- 
rials of  similar  character,  as  a  food  for  dairy  animals.  The 
term  barnyard  millet  has  been  adopted  as  its  common  name, 
for  the  reason  that  it  appears  to  be  a  cultivated  and  improved 
variety  of  the  common  barnyard  grass.  The  information 
given  below  is  not  meant  to  be  an  exhaustive  treatise  on  the 
subject,  but  rather  a  bringing  together  of  data  already  at 
hand  concerning  the  nutritive  value  and  practical  utility  of 

the  plant. 

(a)     Character  of  the  Millet. 

This  variety  of  millet  is  a  coarse-growing  form,  with  a 
comparatively  heavy  leafage  and  compact  beardless  heads. 
When  headed  out  it  stands  from  four  to  six  feet  in  height, 
and  rarely  lodges.  It  is  a  warm-weather  plant,  similar  to 
corn,  and  makes  a  very  rapid  growth  when  the  temperature 
is  high.  Sown  the  middle  of  May,  it  begins  to  head  about 
August  1,  the  time  varying  a  little,  depending  on  w^eather 
conditions.  After  the  heads  appear  it  becomes  woody,  and 
proportionately  less  valuable  for  fodder  purposes.  It  will 
not  endure  dry  weather  as  well  as  corn,  and  succeeds  best 
upon  moist  land  in  a  good  state  of  fertility.  If  cut  when  it 
begins  to  bloom,  a  second  crop  may  be  frequently  secured, 
but  it  is  apt  to  be  small  in  quantity  and  coarse  in  quality. 

(6)     Composition  of  Green  Millet. 
Numerous  analyses  of  this  material  have  been  made,  the 
more    recent    ones   by  this   department  being  tabulated  as 
follows  :  — 


*  See,  in  the  different  reports  of  the  Massachusetts  Agricultural  College  and 
Hatch  Experiment  Station,  the  articles  by  Prof.  W.  P.  Brooks,  to  whom  we  are  in- 
debted for  the  introduction  of  these  fodder  plants.  See  also  Farmers'  Bulletin,  101, 
published  by  the  United  States  Department  of  Agriculture,  on  millets. 
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Water-free  Mulerial  (Per  Cent.). 


Water. 

Ash. 

Protein. 

Fibre. 

Nitrogen- 
free 
Extract. 

]<at. 

(a)  Flretweekof  bloBBom,* 

- 

7.84 

8.44 

32.06 

49.92 

1  74 

(6)  Second  week  of  blosBom,*    . 

- 

8.59 

11.00 

35.03 

43.65 

1.73 

(c)  WeUheaded.t        .        .        ,        . 

- 

10.18 

10.73 

34.48 

43.05 

1.56 

(d)  Beginning  to  head,!      .        . 

- 

8.36 

6.77 

S6.69 

46.78 

1.40 

Average 

- 

8.74 

9.23 

34.56 

45.85 

1.C2 

Com  fodder  for  comparison,  t     . 

- 

5.20 

9.70 

21.30 

60.60 

3.20 

*  (a)  and  (h)  grown  in  same  j'ear  on  same  plot. 

t  (c)  and  ((7)  grown  in  different  years. 

X  Flint  varieties,  average  forty  analyses,  Jenkins'  and  Wiuton's  tables. 


//.     Avercu/e  Results, 

Natural  Moisture  ( 

Per  Cent.). 

Water.     Ash. 

Protein. 

Fibre. 

Nitrogen - 

free         Fat. 
Extract. 

Millet 

Com 

80.00         1.75 
79.80         1.10 

1.85 
2.00 

6.91           9.17         .32 
4.30         12.10         .70 

As  is  to  be  expected,  the  different  samples  of  millet  vary 
somewhat  in  composition,  depending  upon  the  stage  of 
growth,  weather  conditions,  fertility  of  land  and  possible 
errors  in  sampling.  The  natural  tendency  is  for  the  fibre 
to  increase  as  the  ]:)lant  approaches  maturity. 

Of  the  total  crude  protein  in  sample  (d)  (G.77  per  cent.), 
6.02  per  cent,  was  found  to  exist  as  true  albuminoids  and 
.75  per  cent,  in  the  form  of  amids.  The  amids  thus  repre- 
sented 12.46  per  cent,  and  the  albuminoids  87.54  per  cent, 
of  the  matter  calculated  as  crude  protein.  This  is  what 
might  be  expected  in  immature  material  of  this  character. 
The  same  sample  showed  22.46  per  cent,  of  pentosans,  rep- 
resenting al)out  one-half  of  the  non-nitro2:enous  extract  mat- 
ter.  It  is  quite  prol)able,  however,  that  a  small  (juantity  of 
the  total  pentosans  still  remained  in  the  crude  tibrc  and 
could  not  be  counted  as  extract. 

When  the  analysis  of  the  millet  is  compared  with  that  of 
corn  fodder,  on  the  basis  of  dry  matter,  one  striking  ditfer- 
ence  is  noted,  namely,  that  the  til)rc  is  much  in  excess  in  the 
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millet,  and  the  nitrogen-free  extract  matter  correspondingly 
less.  The  millet  naturally  develops  relatively  more  woody 
matter  than  the  corn,  and  for  this  reason  it  is  necessary  to 
cut  the  millet  for  feeding  purposes  while  in  l)l()ssom.  If 
allowed  to  grow  until  the  seed  is  developed,  the  straw  is 
hard  and  woody,  and  (juite  unsatisfactory  for  feeding.  Corn 
fodder,  the  analysis  of  which  is  given  above,  is  supposed  to 
be  rather  thickly  seeded  corn,  with  ears  more  or  less  devel- 
oped, and  probably  cut  late  in  August.  It  is  an  advantage 
to  allow  the  corn  fodder  when  fed  green  to  grow  until  it  has 
reached  the  above  stage,  for  the  reason  that  its  digestiljility 
and  palatability  are  not  appreciably  decreased,  while  the 
nutritive  value  is  considerably  enhanced  because  of  the  ear 
development.  The  character  also  of  the  extract  matter  in 
the  two  fodders  is  not  the  same,  the  corn  having  a  consider- 
able amount  of  the  valuable  starch,  which  is  practically  lack- 
ing in  the  millet.  The  principal  difference,  then,  from  a 
chemical  stand-point,  between  these  two  plants,  consists,  in 
case  of  the  corn,  in  the  extra  percentage  of  nitrogen-free 
extract  matter  containing  considerable  quantities  of  starch, 
and  the  smaller  percentage  of  the  less  valuable  woody  fibre. 
The  protein  percentage  is  about  the  same.  The  millet 
shows  relatively  rather  more  ash  than  the  corn.  This  may 
be  due  to  the  fact  that  it  is  cut  at  an  earlier  stage  in  its 
growth.  From  the  comparative  chemical  analysis  of  the 
two  plants,  as  given  above,  one  would  naturally  expect  a 
greater  nutritive  effect  from  the  corn  than  from  the  millet. 

Comjjosition  of  the  Ash  {Dry  Matter). 
Only  two  analyses  of  the  ash  of  the  millet  are  on  record. 
One   of  them    was   made    a   number    of  years  ago,   and  is 
very  incomplete ;  the  other  represents  a  recent  analysis  of 
sample  (d)  :  — 


SAMPLES. 

Crude 
Ash. 

Soluble 
Aeh 

Insoluble    Calcium 
Ash.          Oxide. 

Potassium 
Oxide. 

Phosphoric 
Acid. 

Unde- 
termiued. 

Sample  (d), 
Earlier  sample,  . 
Green  corn,* 

8.36 
6.12 

6.33 
5.00 

2.03 
1.12 

„96 
.82 

S.70 
1.96 
2.18 

.52 
.44 
.60 

1.15 

*  From  Wolff  tables,  giveu  for  comparieon;  exact  stage  of  growth  unknown, 


1901.] 


PUBLIC  DOCUMENT  — Xo.  %?>. 


^1 


The  amount  of  the  several  ash  constituents  Avill  of  course 
vary,  dependins:  upon  the  state  of  gTowtli,  soil  moisture  and 
fertilit^^  The  above  tijxures  are  not  sufficient  to  enal)le  one 
to  form  any  very  correct  idea  of  the  mineral  constituents  of 
the  plant ;  they  indicate,  however,  that  the  millet  takes  con- 
siderable quantities  of  mineral  constituents  from  the  soil, 
especially  potash,  and  fully  as  nmch  as  Indian  corn  at  a  cor- 
responding stage  of  growth. 

Composition  of  the  Seed. 


SAMPLES. 

Water. 

Ash. 

Protein. 

Fibre. 

Nitrogeu- 

free 
Extract. 

Fat. 

Millet  seed  (1898) 

11.47 

2.81 

9.44 

7.69 

65.20 

3.39 

Millet  seed  (earlier) 

10.30 

3.10 

12.30 

7.70 

60.90 

5.70 

Average  of  both  samples,    . 

10.88 

2.96 

10.87 

7.69 

63.05 

4.55 

Oats  for  comparison,*  .... 

11.00 

3.00 

11.80 

9.50 

59.70 

5.00 

*  Jenklne's  and  Winton's  tables,  average  30  samples. 

The  millet  seed  resembles  oats  very  closely  in  composition. 
The  protein  and  fibre  are  a  trifle  higher  in  the  oats,  and  the 
nitrogen-free  extract  correspondingly  lower. 


Composition  of  MiUet  Silage  (^Natural  Moisture). 


Number 
Analyses. 


Water.  1  Ash. 


Protein.  ,  Fibre. 


Nitrogen- 

free- 
Extract. 


Fat. 


Millet,       . 

Millet  and  soy  beans,* 
Millet  and  soy  beans, f 
Corn  and  soy  beans,* 
Corn  and  soy  beans, t 
Corn  silage  for  comparison. 


3 

74.0 

2.40 

1.70 

7.50 

13.60 

9 

79.0 

2.80 

2.80 

7.20 

7.20 

2 

81.0 

2.21 

2.04 

6.66 

7.44 

4 

76.0 

2.40 

2.50 

7.20 

11.10 

1 

75.0 

1.80 

2.35 

7.06 

13.19 

i8on,| 

99 

79.1 

1.40 

1.70 

0.00 

11.00 

.80 

1.00 

.65 

.80 
.60 


Dry  Matter. 


Millet 

Millet  and  soy  beans. 

Corn  and  soy  beans, 

Com  silage  for  comparison, 


3 

- 

9.24 

6.60 

28.80 

52.36 

11 

- 

13.06 

12.91 

34.40 

35.07 

5 

- 

9.42 

10.20 

29.63 

47.59 

99 

- 

6.60 

8.00 

28.70 

63.00 

3.10 
4.66 
3.14 
3.70 


*  Previous  to  1897;  approximately  two-thirds  millet  or  corn  and  one-third  bean, 
t  During  18'J7.  {  .Jenliins's  and  Winton's  tables. 
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The  millet  silage  and  the  corn  silage,  so  far  as  the  above 
figures  are  concerned,  show  no  great  analytical  difierences. 
It  nnist  not  be  forgotten,  however,  that  the  non-nitrogenous 
extract  matter  of  the  corn  contains  a  considerable  amount  of 
starch,  which  fails  in  the  millet.  The  mixtures  made  from 
millet  and  corn,  with  soy  l)eans,  were  not  perfect.  The 
ol)ject  was  to  add  one-third  beans  and  two-thirds  corn  in 
putting  the  materials  into  the  silo,  but  this  was  done  only 
by  loads  of  material  and  not  by  actual  weight.  The  analyt- 
ical results  on  the  basis  of  dry  matter  are  al)out  what  might 
be  expected ;  namely,  an  increase  in  the  protein  percentage 
and  a  decrease  in  the  extract  matter  in  each  case,  when  com- 
pared with  millet  or  corn  silage.  One  notes,  however,  more 
extract  matter  in  the  corn  and  bean  than  in  the  millet  and 
bean  silage.  The  protein  and  ash  are  higher  in  the  millet 
and  bean  than  in  the  corn  and  bean  silage.  This  condition 
is  satisfactorily  explained  on  the  ground  that  the  millet  and 
bean,  being  cut  at  an  earlier  stage  than  the  corn  and  bean, 
would  naturally  contain  relatively  more  ash  and  protein  and 
less  extract  matter. 

The  Digestibility  of  Millet. 
The  following  figures  represent  the  digestibility  of  the 
different  ingredients  of  millet,  and  were  obtained  hj  the  use 
of  sheep  at  this  station.  The  numbers  mean  that,  of  the 
total  amount  of  ash,  protein,  etc.,  contained  in  the  millet, 
such  and  such  amounts  or  percentages  were  digested.  Thus, 
if  green  millet  contains  G.91  per  cent,  of  fibre,  73  per  cent, 
of  it  is  digestible,  or  G.Dl  X  73=5.04  per  cent. 


1901.] 


PUBLIC   DOCUMENT— No.   33. 


39 


CHARACTER  OF  MATERIAL. 


SOD 


a'c 

13 


M 

H 

(D 

« 

M-i 

O  o 

.o 

fc 

S" 

Green  millet,  early  to  late  blossom,  . 

Dent  corn  fodder  (in  milk)  for  comparison, 

Millet  haj',  full  blossom,*   .        . 

Millet  hay,  full  blossom,!   .... 

Timothy  hay  for  comparison,     . 

Millet  silage  for  comparison, J     . 

Millet  and  soy  bean  silage 

Corn  and  soy  bean  silage, §  .... 
Corn  silage  for  comparison, || 


*  Same  plot  as  green  material  previously  given. 
t  Panicum  italicum, — a  different  species  of  Japanese  millet. 
X  No  digestion  tests  have  been  made. 

§  Pride  of  North  corn  (dent)  and  medium  green  soy  beans,  two-thirds  former  and  one- 
third  latter,  in  excellent  condition. 
II  Average  dent  and  flint. 

The  green  millet  appears,  from  the  figures  at  our  disposal, 
to  be  as  digestible  as  the  fodder  corn. 

The  millet  hay  shows  a  very  much  less  degree  of  digesti- 
bility than  the  same  material  green.  Generally  speaking, 
the  mere  Avithdrawal  of  the  water  is  not  supposed  to  aftect 
digcstil)ility,  and  this  is  likely  to  be  the  case  with  young  and 
tender  plants  and  with  grains  that  can  be  ground  fine.  In 
the  case  of  coarse,  woody  plants  the  reverse  is  likely  to  l)c 
true.  The  hardening  of  the  woody  stalks  in  the  curing  proc- 
ess, and  the  less  perfect  mastication  resulting,  in  all  jorob- 
ability  are  the  most  important  factors  in  bringing  about  this 
apparent  result.  AVe  hope  to  make  other  experiments  to 
still  further  prove  this  point.  Unfortunately,  no  figures  are 
on  hand  for  the  millet  silage.  The  corn  and  bean  silasre 
shows  al)out  10  per  cent,  more  total  digestible  matter  than 
the  millet  and  bean  silage.  The  extract  matter  of  the  former 
is  noticeably  more  digestible.  The  high  degree  of  digesti- 
bility of  the  extract  matter  of  the  corn  and  bean  silage  is 
explained  when  one  remembers  the  c()nsideral)le  amount  of 
corn  grains  present.     Corn  and   soy  beau  silage,  as  shown 
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by  this  experiment,  appears  to  be  nearly  as  digestible  as 
average  corn  silage,  and  the  protein  even  more  so. 

Multiplying  the  percentage  composition  of  the  millet,  as 
given  in  a  previous  page,  by  the  digestion  percentages  or 
coefficients  as  stated  above,  one  obtains  the  following  per- 
centages digestible  in  one  hundred  :  — 

[Figures  equal  percentages,  or  pounds  in  100  digestible.] 


Fresh 

OR  AlR-DRT 

Material. 

Dry  Matter. 

CHARACTER  OF 

MATERIAL. 

d 

s 

2 

u 

.a 

a  o 

2  « 
5?; 

a 

a 
o 

.a 

2h 

Green  millet 

14.20 

1.28 

5.04 

6.60 

.20 

6.37 

25.23 

33.01 

1.02 

Green  com,  fodder. 

U.U 

1.22 

2.75 

9.19 

.55 

5.91 

13.63 

46.06 

2.50 

Millet  hay,        .... 

48.45 

5.02 

17.91 

20.25 

.63 

5.90 

21.08 

23.84 

.73 

Timothy  hay  for  comparison, 

49.00 

4.10 

14.70 

27.20 

1.10 

4.80 

17.10 

31.60 

1.30 

Millet  and  soy  bean  silage,    . 

12.15 

1.51 

4.90 

4.27 

.68 

7.36 

23.74 

20.69 

3.28 

Corn  and  soy  bean  silage, 

16.70 

1.60 

4.66 

8.64 

.62 

6.63 

19.26 

35.69 

2.57 

Corn  silage  for  comparison,  . 

14.84 

.95 

4.20 

8.44 

.66 

4.48 

20.09 

40.23 

3.12 

Millet  hay  is  assumed  to  contain  15  per  cent,  of  water  and 
timothy  hay  14  per  cent.  It  is  doulitful  if  the  water  content 
of  the  millet  could  be  brought  as  low  as  15  per  cent. 

The  above  figures  tell  the  same  story  as  those  represent- 
ing the  compositioti  of  the  several  materials,  namely,  the 
excess  of  fibre  and  the  lack  of  extract  matter  in  the  millet, 
as  compared  with  the  corn.  While  the  green  millet  appears 
to  be  as  digestible  as  the  green  corn,  there  is  more  digestible 
Jihre  in  the  millet  and  corresjpondingly  less  digestible  extract 
matter.  The  corn  silage  shows  rather  less  digestible  protein 
than  the  millet  and  bean  silage,  and  nearly  twice  as  much 
digestible  extract  matter.  There  is  not  a  great  deal  of 
difterence  between  the  corn  and  bean  silage  and  the  corn 
silage,  excepting  the  increased  amount  of  protein  in  the 
former. 
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Utility  of  Barnyard  Millet. 

Yield  per  Acre.  — The  inillet  is  a  heavy  yieldcr  of  green 
fodder;  from  12  to  18  tons  per  acre  have  l)een  grown  upon 
the  college  farm,  on  naturally  moist  land  in  good  condition, 
while  as  high  as  35  tons  per  acre  have  l)een  reported  b}'  out- 
side parties.  Our  own  experience  has  shown  it  to  yield 
from  12  to  14  tons  per  acre  upon  medium  loam  in  good  state 
of  fertility,  but  not  naturally  very  retentive  of  moisture. 
Such  quantities,  however,  were  produced  without  the  millet 
appearing  to  suffer  from  lack  of  water ;  and  it  is  believed 
that  this  amount  is  a  conservative  estimate  of  its  productive- 
ness, unless  the  land  is  especially  moist,  warm  and  fertile. 
If  the  millet  is  planted  in  drills  15  inches  apart  and  allowed 
to  mature,  it  will  yield  about  GO  bushels  of  seed  per  acre,  of 
an  average  weight  of  35  pounds  per  bushel.  When  sown 
broadcast,  90  bushels  per  acre  have  been  reported. 

Millet  as  a  Soiling  Crojt.  — For  use  as  a  soiling  crop,  the 
seed  should  be  sown  broadcast  and  harrowed  in  May  10 
to  15,  at  the  rate  of  12  quarts  per  acre.  The  fodder  will 
be  ready  to  cut  August  1  or  a  few  days  earlier.  It  is 
wise  to  begin  cutting  before  the  heads  a})pear,  and  to  con- 
tinue for  twelve  days.  It  cannot  be  cut  to  advantage  for  a 
much  longer  period,  for  the  reason  that  after  it  is  well  headed 
it  becomes  tough  and  woody,  and  the  animals  refuse  a  portion 
of  it.  In  order  to  secure  ojrecn  millet  feed  durini;  the  entire 
month  of  August,  a  second  seeding  can  he  made  June  1,  and 
a  third  about  June  20.  If  green  feed  of  this  character  is 
desired  in  September^  later  seedings  are  necessary.  We 
have  found  it  advantageous  to  sow  peas  with  the  first  seed- 
ing of  millet,  at  the  rate  of  one  and  one-half  l)ushels  of 
Canada  peas  together  with  six  quarts  of  millet  per  acre. 
The  peas  are  first  deeply  harrowed  in,  and  the  millet  covered 
with  a  tooth  harrow.  If  the  weather  should  prove  cool  dur- 
ing May  and  June,  the  peas  are  likely  to  get  ahead  of  the 
millet,  but  the  latter  catches  up  as  the  warm  weather  comes 
on.  This  pea  and  millet  mixture  makes  a  desirable  green 
feed.     No  experiments  have  been  made  to  measure  the  feed- 
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ing  value  of  green  millet  for  milk  production,  for  the  reason 
that  the  time  in  its  growth  when  it  is  available  is  too  short 
to  secure  any  very  reliable  data.  We  have  fed  the  green 
millet  to  the  station  herd  during  the  first  three  weeks  of 
August  for  a  number  of  years.  During  the  first  week  of  the 
cutting  the  animals  eat  it  well,  but  the  second  week  a  con- 
siderable portion  of  the  stems  remain  unconsumed.  Millet 
acts  as  a  laxative  as  well  as  a  diuretic,  and  it  is  not  ad- 
visable to  feed  it  as  the  entire  source  of  coarse  fodder.  Fed 
in  this  way,  we  have  observed  that  the  bowels  become  very 
loose,  the  animals  soon  refuse  to  eat  above  60  pounds  per 
day,  and  they  lose  in  flesh  and  milk  production.  When 
they  are  fed  entirely  in  the  barn  or  yard,  10  pounds  of  hay 
per  day,  together  with  what  green  millet  they  will  eat,  is  a 
desirable  quantity.  This  usually  amounts  to  about  50  or  60 
pounds  of  millet  daily.  When  animals  run  in  pastures,  a 
supplementary  feeding  of  green  millet  at  night  is  quite 
helpful. 

From  our  observations  we  prefer  corn  fodder  to  millet  as 
a  green  feed,  because  more  milk  is  secured  and  the  animals 
tend  to  keep  in  better  condition.  The  corn  fodder  can  be 
fed  for  a  longer  period  than  the  millet,  and,  being  more  or 
less  eared,  its  nutritive  value  is  therel^y  enhanced.  Millet, 
on  the  other  hand,  has  the  advantage  of  requiring  less  labor 
to  grow  than  corn,  as  after  it  is  once  sown  it  requires  no 
further  attention  until  ready  to  cut. 

Millet  as  a  Hay  Groj^. — Brooks,*  a  number  of  years 
since,  called  attention  to  the  fact  that,  although  the  yield  of 
hay  was  from  3  to  6  tons  per  acre,  the  difiiculty  of  properly 
curing  it  was  such  that  the  millet  could  not  be  very  satis- 
factorily utilized  as  a  hay  crop.  AVe  can  simply  confirm 
this.  The  coarseness  of  the  fodder  renders  it  very  diflicult 
to  eliminate  sufficient  of  the  water  to  enable  the  hay  to  keep 
well  unless  several  extra  hay  days  follow  one  another ;  the 
hay  therefore  is  likely  to  become  musty  and  consequently 
unsatisfactory  for  feeding,  and  the  ftirmer  cannot  depend 
upon  it  as  a  rule  to  furnish  him  with  any  considerable 
amount  of  dry  fodder. 

*  hnco  citato. 
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Millet  as  a  Grain  Crop. — According  to  Brooks,*  the 
birds  have  a  great  liking  for  the  seed  and  it  is  therefore 
difficult  to  harvest  without  loss.  The  3'ield  of  one  ton  to 
the  acre  is  small,  as  couijiared  with  an  average  crop  of  corn. 
Brooks  and  Smith  fed  millet  meal  to  four  dairy  cows,  com- 
paring it  to  an  equal  quantity  of  ground  oats,  and  noted  no 
ditfcrence  in  the  results  (experiment  not  published).  The 
cost  of  threshing  the  grain  is  to  be  considered,  and  the  straw 
would  be  quite  inferior  to  corn  stover  for  fodder  purposes. 
It  does  not  seem  probable  that  the  grain  could  be  made  an 
economic  feed  for  farm  animals. 

Millet  for  Silage.  —  Millet  makes  a  very  fair  silage,  but, 
as  a  result  of  the  writer's  experience,  it  is  not  considered 
equal  to  maize.  So  far  as  known,  there  are  no  exact  feeding 
experiments  on  record  comparing  these  two  plants  for  silage 
purposes.  It  lacks  the  large  quantity  of  digestil)le  starchy 
matter  which  the  corn  contains  in  the  form  of  the  grain.  It 
could  not  be  put  into  the  silo  after  it  had  ripened  its  seed,  as 
is  the  case  with  corn,  for  the  straw  would  then  be  dry  and 
tough,  and  the  seed  is  covered  with  a  hard  seed-coating. 
Our  observations  have  convinced  us  that  millet  silage  has 
less  nutritive  effect  than  corn  silage.  The  digestion  experi- 
ments with  millet  and  ])ean  silage,  as  compared  with  corn 
and  bean  silage,  confirm  this  opinion.  We  have  also  noticed 
that  animals  are  inclined  to  consume  a  larger  quantity  of 
corn  than  of  millet  silage,  especially  when  fed  for  a  consid- 
erable lenirth  of  time.  While  the  labor  involved  in  jjrowinof 
a  crop  of  millet  is  certainly  less  than  in  growing  a  croj)  of 
corn,  the  extra  work  in  harvesting  the  former  for  the  silo 
makes  up  for  it,  at  least  to  a  considerable  degree.  If  for 
any  reason,  however,  the  corn  crop  should  fail,  and  millet 
could  l)e  advantageously  grown,  it  would  certainly  make  a 
very  desirable  substitute  for  the  former.  Millet  and  soy 
bean  silage  is  preferable  to  millet  silage,  from  a  nutritive 
stand-point ;  but  the  cost  of  growing  and  harvesting  the 
same  prevents  its  general  use. 

The  following  estimate  of  the  value  of  millets  on  the  farm 
is  made  in  Farmer's  Bulletin,  101,  already  referred  to,  and 


*  Loco  citato. 
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it  so  fully  expresses  the  writer's  estimate  of  the  utility  of 
barnyard  millet  that  it  is  quoted  in  full :  — 

On  the  whole,  it  is  doubtful  if  there  are  many  sections  in  this 
country  where  millets  should  be  made  a  primary  crop.  Their 
place  is  rather  that  of  a  supplementary  one,  —  a  "  catch-crop," 
when  the  corn  has  been  destroyed  by  hail  or  otherwise ;  a  substi- 
tute for  corn,  where  that  crop  is  not  easily  grown  ;  a  crop  to  be 
grown  on  a  piece  of  land  that  might  otherwise  lie  idle  ;  a  readily 
available  crop  for  use  in  short  rotations  ;  an  excellent  thing  to 
grow  on  foul  land,  to  get  rid  of  weeds,  giving  practically  the  same 
results  as  fallowing  or  summer  cultivation,  and  in  addition  a  crop 
of  forage  ;  a  supplement  to  the  regular  and  permanent  pastures 
and  meadows.  It  is  in  such  ways  that  the  millets  are  most  valu- 
able on  the  average  farm,  and  such  is  the  place  they  should  be 
given  in  American  agriculture. 


C  — DRIED   DISTILLERY  GRAINS. 

What  They  are.  — Dried  distillery  grains  consist  of  the 
residue  remaining  in  the  process  of  manufacturing  alco- 
hol, spirits  and  whiskey  from  the  several  cereals.  Briefly 
stated,  the  process  consists  in  grinding  the  various  grains 
employed  and  heating  them  with  a  solution  of  malt,  thus 
converting  the  starch  into  sugar.  The  addition  of  yeast 
converts  the  sugar  into  alcohol,  which  is  then  distilled,  and 
the  residue  or  distillery  slop  is  filtered,  dried  in  especially 
constructed  driers  and  put  upon  the  market  as  a  cattle  food. 
It  consists  chiefly  of  the  hulls,  germ  and  protein  of  the 
grains.  It  has  a  more  or  less  sour  taste  and  smell,  because 
of  the  fermentation.  If  the  slop  remains  undried  too  long, 
this  sour  condition  is  increased.  Well-informed  parties 
state  that  the  quality  of  the  dried  grains  depends,  in  the 
first  place,  upon  the  composition  of  the  distillers'  mashes 
(e.g.,  the  kinds  and  proportions  of  the  grains  employed)  ; 
secondly,  upon  the  distillers'  mode  of  mashing  and  ferment- 
ing ;  and,  thirdly,  somewhat  upon  the  process  of  drying. 
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Ho20  They  may  he  classified.  — The  dried  grains  may  bo 
classified  as  follows,  depending  upon  the  source  from  which 
they  are  derived  :  — 

A.  Alcohol  and  spirits  grains. 

B.  Bourbon  whiskey  grains. 

C.  Rye  whiskey  grains. 

The  grains  produced  from  alcohol  and  sjn'n'/s  distilleries 
are  the  highest  in  (juality,  and  of  the  most  uniform  grade. 
Corn  is  practically  the  only  grain  used. 

The  grains  produced  l)y  tvhiskey  distilleries  vary  accord- 
ing to  the  proportion  of  corn,  rye  and  malt  contained  in 
their  mashes.  The  larger  the  proportion  of  corn  and  the 
smaller  that  of  rye  and  malt  (small  grain,  so  called),  the 
higher  the  grade  of  dry  grains  produced.  Some  l)ourl)on 
Avhiskey  distillers  use  very  little  "  small  grains,"  and  their 
product  stands  near  that  of  Class  A.  Many  make  bourbon, 
half  rye  and  pure  rye  whiskey  alternately  in  one  season, 
and  their  product  of  dried  grains  varies  in  quality  accord- 
ingly. Others,  especially  in  Pennsylvania  and  Maryland, 
produce  rye  grains  only. 

Their  Average  Composition.  —  A  large  numl)er  of  an- 
alyses of  Class  A  grains  are  said  to  show  an  average  of 
35.33  per  cent,  of  protein  and  11.25  per  cent,  of  fat. 

Class  B,  or  l)ourl)on  whiskey  grains,  run  from  23.9  to 
38.06  per  cent,  of  protein  and  from  6.3  to  15  per  cent,  of 
fat. 

Class  C,  or  rye  grains,  show  from  17.85  to  24.28  per 
cent,  of  protein  and  from  5.04  to  7.5  per  cent,  of  fat, 
averaging  20.87  per  cent,  protein  and  6.32  per  cent.  fat. 

Where  manufactured. — The  grains  derived  from  spirits 
and  alcohol  are  manufactured  chiefly  in  Illinois  and  Indiana, 
those  from  ljourl)on  whiskey  in  Kentucky,  and  those  from 
rye  whiskey  in  Pennsylvania  and  Maryland.  All  grades 
are  produced  in  Ohio  and  AVisconsin. 

The  Yearly  Product.  —  According  to  the  last  annual  re- 
port of  the  commissioner  of  internal  revenue  (page  104), 
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there  Avere  used  in  the  distilleries  of  the  United  States  dur- 
ing the  fiscal  year  ending  June  30,  1900  :  — 

Bushels  com, 16,277,034 

Bushels  rye, 4,070,8fil 

Bushels  malt, 2,721,124 

Bushels  wheat, 27,225 

Bushels  oats, ■         .         .  15,414 

Bushels  barley, 1.328 

Bushels  mill  feed  and  other  materials,     .         .         .  1,276 


Bushels  grain  of  60  pounds,       ....    23,114,262 

At  present  the  annual  output  of  distillers'  dried  grains  in 
this  country  is  less  than  40,000  tons  ;  but,  if  all  the  distillery 
slop  were  dried  by  perfect  machinery,  the  country  would 
produce  about  170,000  tons  yearly.  The  output  of  single 
distilleries  varies  from  ll/o  to  40  tons  per  day.  Alcohol  and 
spirits  grains  are  produced  in  the  largest  establishments, 
which  are  generally  operated  throughout  the  year.  Bourbon 
and  rye  whiskey  grains  are  produced  in  smaller  distilleries, 
rarely  turning  out  more  than  5  tons  per  day,  and  they  are 
in  operation  only  between  November  and  July. 

Where  Distillers'  Grains  are  consumed.  — Very  few  grains 
have  been  thus  far  used  in  the  United  States,  they  being 
mostly  exported  and  consumed  in  Germany.  Statistics  of 
the  quantity  exported  have  been  lacking  until  recently, 
because  of  the  classification  employed.  The  export  of  dis- 
tillers' dried  grains,  brewers'  dried  grains  and  malt  sprouts, 
from  July  1  to  Oct.  31,  1900,  was  22,347  tons,  or  about 
5,600  tons  per  month.  How  much  of  this  is  distillers'  dried 
grains  is  a  trifle  uncertain.  It  is  estimated  that  the  exports 
from  July  to  October  consisted  of  about  50  per  cent,  brewers' 
dried  grains,  35  per  cent,  distillers'  dried  grains  and  15  per 
cent,  malt  sprouts  ;  that  from  January  1  to  June  30  distillers' 
grains  will  predominate,  and  that  the  total  export  of  the 
latter  will  amount  to  about  28,000  tons  during  the  present 
fiscal  year.* 

*  For  the  larger  part  of  the  above  information  we  are  indebted  to  the  J.  W.  Biles 
Company,  Cincinnati,  0. 
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We  understand  it  is  the  intention  to  introduce  this  material 
in  our  eastern  markets.  Our  inspectors  have  ah-eady  noticed 
it  occasionally.  For  convenience  in  distinguishing  the  dif- 
ferent qualities,  the  sellers  have  divided  the  various  products 
into  five  grades,  namely,  "  R,"  "X,"  "XX,"  "XXX"  and 
"XXXX."  Those  marked  "  K"  are  lowest  in  i)rotein  and 
fat,  and  those  marked  "  XXXX  "  highest.  S(mie  two  years 
since,  this  department  secured  several  tons  of  these  grains. 
They  were  analyzed,  tested  for  digestibility  and  fed  to  milch 
cows. 

Composition  of  Distillers'  Grains. 


CONSTITUENTS. 


Brand 


Brand 
"X." 


Brand 
"XX." 


Brand 
'XXX.' 


Brand 
'XXXX.' 


Water, 
Protein, 
Fat,      . 
Extract  matter, 
Fibre,  . 
Ash,     . 

Total,    . 


7.00 
18.67 

6.68 
55.87 
12.74 

2.04 


7.00 

29.76 

10.88 

40.89 

9.77 

1.70 


7.00 
26.20 

9.77 
43.00 
11.53 

2.50 


7.00 
30.01 
11.90 
38.69 
10.33 

2.07 


7.00 
35.40 
10.04 
34.14 
11.63 

1.73 


100.00 


100.00 


100.00 


100.00 


100.00 


The  several  grades  showed  between  7  and  8  per  cent,  of 
water ;  for  the  sake  of  uniformity,  they  were  all  calculated 
to  a  7  per  cent,  basis. 

The  sellers  state  that  the  markings  on  "X  "  and  ' '  XX  " 
must  have  been  reversed,  as  the  "  XX  "  grains  should  show 
a  higher  percentage  of  protein  than  those  marked  **X." 
The  "R"  grains,  as  the  sellers  claim,  arc  the  poorest  in 
composition,  showing  in  this  particular  lot  1G.G7  per  cent, 
of  protein  and  5.68  percent,  of  fat,  —  about  equal  to  the 
amounts  found  in  wheat  bran.  The  others  gradually  increase 
in  these  two  ingredients,  the  "XXXX"  showing  35.46  per 
cent,  of  protein  and  10.04  per  cent,  of  fat.  The  fibre  is 
not  excessive,  being  from  2  to  4  per  cent,  more  than  in  bran. 
The  analyses  show  these  materials  to  be  valuable  feeding 
stuffs  and  worthy  of  the  attention  of  feeders,  })roviding  they 
are  sold  on  a  guaranty.  The  sellers  state  that  a  guaranty 
will  always  accompany  the  dillcrcnt  grades. 
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Digestibility  of  Distillers'  Grains. 
Digestion  tests  were  made  with  sheep,  and  the  following 
co-efficients  obtained :. — 


CONSTITUENTS. 

Brand 
"R." 

Brand 
"X." 

Brau'd 
"XX." 

Brand 
"XXX." 

Brand 
"XXXX." 

Average, 

excepting 

Brand  "  R." 

Total  dry  matter, 

68 

87 

84 

76 

77 

81 

I'roteln, 

59 

73 

77 

74 

71 

74 

Fat.      .... 

84 

93 

95 

93 

96 

94 

Extract  matter,  , 

67 

89 

81 

76 

79 

82 

Excepting  the  "R"  brand,  these  materials  show  relatively 
high  digestibilities,  with  comparatively  small  variations.  In 
the  last  column  is  given  an  average  of  the  four  "X" 
brands,  which  may  represent  the  average  digestibility  of  dis- 
tillery grains  made  largely  from  corn. 

Multiplying  the  composition  by  the  percentages  digestible, 
one  obtains  the  percentage  or  pounds  in  100  digestible:  — 


constituents. 


Brand 
"R." 


"SVheat  Bran 

for 
Comparison. 


Dry  matter, 

Dry  matter  contalng  :  — 

Protein, 

Fat, 

Extract  matter, 

Organic  nutrients  (excluding  fibre)  digestible. 


53.94 


9.84 

4.77 

37.43 


12.60 

3.20 

35.40 


52.04 


51.20 


The  "  R"  brand  appears  to  contain  about  the  same  quan- 
tity of  digestil)le  nutrients  as  does  Avheat  bran.  The  latter 
contains  rather  more  protein,  and  a  trifle  less  fat  and  extract 


matter  digestible  than  the  former. 
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CONSTITUENTS. 

Brand     Brand 
"X."    "XX." 

Brand 
"  XXX." 

Brand 
"XXXX." 

Gluten  Feed 

for 
Comparison.* 

Dry  matter, 

80.91 

78.12 

70.68 

71.61 

77.28 

Dry  matter  contains :  — 

Protein 

Fat 

Extract  matter 

21.72 
10.12 
36.39 

20.17 

9.28 

36.12 

22.21 
11.07 
29.02 

27.30 
9.64 

26.96 

22.50 

3.30 

43.80 

Organic  nutrients,  excluding  fibre 
digestible. 

68.23 

65.57         62.30 

1 

63.90 

69.60 

♦  "We  refer  to  such  well-known  brands  as  Buffalo,  Davenport,    Rockford,  being  the 
residue  from  the  glucose  factories. 

These  several  brands  are  quite  similar  in  digestible  in- 
gredients to  gluten  feed,  and  for  the  present  they  can  be 
considered  as  having  approximately  an  equal  value.  They 
have  noticeably  more  digestible  fat  and  less  digestible  ex- 
tract matter  than  the  latter.  They  are  likely  to  vary  more 
in  composition  from  time  to  time  than  the  regular  gluten 
feeds.  The  highest  grade  would  prol)ably  contain  rather 
more  protein. 

Tests  with  Milch  Cows. 

"\Ye  were  not  in  a  position  at  the  time  to  carry  on  any  exact 
experiments  with  dairy  animals.  The  several  lots  of  grain 
were,  however,  fed  to  a  number  of  cows,  and  the  results 
were  as  good  as  one  would  naturally  expect.  The  animals 
ate  them  well,  receiving  3  or  4  pounds  daily,  mi.vcd  with 
wheat  bran  ;  the  milk  yield  was  satisfactory.  We  see  no 
reason  why  the  quality  of  the  milk  and  l)utter  should  not  be 
equal  to  that  derived  from  animals  fed  upon  corn  silage, 
dried  brewers'  grains,  etc.  It  would  })robably  be  wise  not 
to  feed  such  materials  to  animals  when  tlie  milk  was  intended 
for  infant  feeding.  Should  these  grains  be  generally  intro- 
duced, it  would  be  advisal^le  to  note  [)articularly  their  in- 
fluence, if  any,  on  the  flavor  of  milk  and  butter. 

Several  years  since,  a  considerable  quantity  of  so-called 
Atlas  gluten  meal  was  sold  in  Massachusetts  and  Vermont. 
This  was  dry  distillery  grains,  sold  by  a  distilling  company 
in  Peoria,  111.     It  was  not  accompanied  by  a  guaranty,  and 
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varied  from  22  to  oG  per  cent,  of  protein.  It  lias  not  been 
in  the  market  of  late.  Hills*  fed  this  material  (testing  35 
per  cent,  of  protein)  to  milch  cows,  and  secured  very  satis- 
factory results.  Its  efiect  on  the  flavor  of  milk  and  butter 
was  not  mentioned,  and  we  can  assume  it  was  satisfactory. 
He  considered  it  the  cheapest  source  of  protein  in  Vermont 
markets  at  the  time. 


D.  — DIGESTION   EXPERIMENTS  WITH   SHEEP. 

These  experiments  were  made  during  the  winter  of  1898- 
99.  The  method  employed  was  the  usual  one,  as  described 
in  the  eleventh  report  of  the  Massachusetts  State  Experiment 
Station  for  1893.  The  full  data  will  be  published  at  another 
time.  By  digestion  coefficients  is  meant  the  percentages  of 
protein,  fit,  etc.,  that  the  animal  is  capable  of  digesting. 
Thus,  if  wheat  bran  contains  16  per  cent,  of  protein,  or  16 
pounds  in  100,  and  the  percentage  digestible  or  digestion 
coefficient  is  78,  it  means  that  the  animal  can  digest  78  per 
cent,  of  the  16  pounds,  or  12.46  pounds. 

Description  of  Feed  Stuffs. 

Hay.  —  This  hay  was  used  in  connection  with  the  several 
concentrated  feeds.  It  was  largely  Kentucky  blue  grass, 
with  a  small  admixture  of  red  clover.     It  was  cut  in  bloom. 

Meadoio  Fescue.  —  This  was  grown  on  an  experimental 
plot,  on  land  in  an  average  state  of  fertility.  It  was  free 
from  weeds  or  other  grasses. 

Kentucky  Blue  Grass.  —  Same  conditions  as  for  meadow 
fescue. 

Tall  Oat  Grass.  —  Same  conditions  as  for  meadow  fescue. 

Distillery  Grains. — Fully  described  on  pages  44-50. 
The  digestibility  of  the  fil)re  varied  to  such  an  extent  with 
the  difl"erent  sheep  that  no  digestion  coeflicient  is  presented. 
It  seems  to  be  very  digestible  in  the  various  "X"  brands, 
possibly  75  or  more  per  cent. 

Oat  Feed.  —  This  food  consisted  of  the  refuse  from  the 
oatmeal  mills.     It  was  quite  an  inferior  sample  of  its  kind, 

*  Vermont  Experiment  Station  report,  1895,  p.  222. 
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containing  a  larirc  (quantity  of  hulls.  The  slicop  digested 
only  one-third  of  it. 

Rye  Feed.  — This  material  is  a  mixture  of  rye  l)ran,  \vith 
a  consideral)le  quantity  of  fine  middlings. 

Ohop  Feed. — This  consists  of  the  hull,  l)ran  and  ))rokcn 
iZerms  of  Indian  corn,  and  is  one  of  the  residues  remainin<>: 
in  the  manufacture  of  starch  and  ghicose.  The  sheep  di- 
gested this  material  very  unevenly,  and  the  digestion  coeffi- 
cients given  represent  the  average  results  from  six  sheep. 
They  are  not  as  satisfactory  as  could  be  desired. 

Cleveland  Flax  Meal.  — Linseed  meal,  with  the  oil  <|uite 
thoroughly  extracted  ))y  the  naphtha  process. 

Parsons'  ^^Six  Dollar'''  Feed.  — Fully  described  on  pages 
53,  54. 


Digestion  Coefficients  resulting  from  Digestion  Experiments. 


KIND  OF   FEED   STUFF. 

ft  _o 

Z  s 
Is 

3  <o 

a 
■3) 

a 
m 
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<U 

0) 
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o 
O 

a 

1 

5" 

c 
a 

2 

5 
O 
u 

u 

i 

*A 

^ 

« 

?H 

f^ 

fA 

f^ 

< 

Hay,  largely  Jnne  grass  iu  bloom  (port  pra- 

1 

6 

59 

61 

47 

62 

57 

48 

Mcadow  fescue,  full  blooin  (Festitca  elutior 

1 

■      2 

61 

52 

54 

59 

67 

46 

prnteiisis). 

Kentucky  blue  ijrass,  full  bloom  (/)on  jint- 
Tall  oat  grass,  late  bloom  {An-lienatherum 

1 

1 

56 

57 

42 

53 

63 

42 

1 

2 

55 

51 

56 

58 

55 

41 

cl„H„»). 

Distillery  grains.  Brand  "  R," 

1 

2 

58 

69 

84 

67 

? 

- 

Distillery  grains,  Brand  "  X," 

1 

2 

87 

73 

93 

89 

' 

- 

Distillery  grains,  Brand  "  XX,"     . 

1 

2 

84 

77 

94 

84 

3 

- 

Distillery  grains.  Brand  "  XXX," 

1 

2 

76 

74 

93 

75 

9 

- 

Distillery  grains,  Brand  "XXXX," 

1 

2 

77 

71 

96 

79 

» 

- 

Oat  feed  (large  amount  hulls). 

1 

3 

34 

62 

92 

33 

27 

13 

Rye  feed 

1 

3 

82 

80 

90 

88 

y 

35 

Chop  feed 

1 

6 

80 

67 

82 

84 

82 

- 

Cleveland  flax  meal 

1 

2 

87 

83 

76 

94 

? 

21 

Parsons' "  six  dollar"  feed,    .... 

1 

2 

56 

57 

81 

64 

47 

12 

52 


HATCH   EXPERIMENT    STATION. 


[Jan. 


E.  — THE  COMPOSITION  OF  PURSLANE    (Poriulaca  olcracca). 

During  the  present  summer  this  department  received  a 
letter  from  a  Massachusetts  farmer  inquiring  concerning  the 
feeding  vahie  of  purshme.  He  stated  that  he  had  been 
feeding  it  to  his  cows,  and  had  noticed  a  decided  increase  in 
the  quantity  of  milk ;  and  that,  while  the  animals  at  first  re- 
fused to  eat  it,  they  soon  became  accustomed  to  it,  and  con- 
sumed considerable  quantities  daily.  At  the  time  we  had  no 
analysis  of  the  material  on  hand,  consequently  a  sample  was 
procured  and  examined.  Since  making  the  analysis,  we 
have  found  a  similar  analj^sis  made  by  the  Indiana  station.* 
The  results  are  presented  below  :  — 


Green  Material. 

W^ATER-PREE   MATERIAL. 

>     -4^ 

I. 
a  o 

<u  ta 

<S>  C9 

0) 

« 

1 

43 

2 

a, 

PR 

< 

o 
u 

.Q 

.5S 

1 

MasBachusetts  station, 

90.90 

1.55 

2.28 

1.61 

3.42 

.24 

17.08 

25.11 

17.71 

37.44 

2.68 

Indiana  station,     . 

86.56 

2.23 

1.81 

2.12 

6.49 

.50 

- 

- 

- 

- 

- 

Corn  fodder  for  comparison. 

79.80 

1.10   2.00 

4.30 

12.10 

.70 

5.20 

9.70 

21.30  60.60 

3.20 

The  analyses  show  that  the  plant  contains  a  very  large 
percentage  of  water,  mineral  constituents  and  nitrogenous 
matter  (protein). 

The  Missouri  station*  found  .29  per  cent,  of  nitrogen, 
.85  per  cent,  of  potash  and  .045  per  cent,  of  phosphoric 
acid  in  the  green  matter,  equivalent  to  ap})roximately  2  })er 
cent,  of  nitrogen,  6  per  cent,  of  potash  and  .3  per  cent,  of 
phosphoric  acid  in  dry  matter.  We  have  found  .37  per  cent, 
of  nitrogen,  equivalent  to  4.1  per  cent,  of  nitrogen  in  dry 
matter.  The  percentage  of  potash  present  in  the  Missouri 
sample  is  exceptionally  large.  The  plants  selected  hy  us 
must  have  been  in  an  earlier  stage  of  growth  than  those  of 
the  Indiana  and  Missouri  stations,  for  both  the  water  and 
the  protein  content  are  very  high. 

•  Farmers'  Bulletin,  119,  Department  of  Agriculture. 
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The  above  results  show  that  purslane  takes  large  quanti- 
ties of  water,  nitrogen  and  potash  from  the  land,  and  must 
be  considered  a  great  soil  exhauster. 

Plunil)*  has  fed  purslane  to  pigs  with  quite  satisfactory 
results.  If  dairy  animals  can  be  induced  to  eat  it,  it  would 
quite  naturally  increase  the  flow  of  milk,  because  of  its  high 
protein  content.  Whether  it  Avould  produce  any  undesirable 
flavor  in  the  milk,  has  not  been  ol)served. 

It  being  a  most  objectionable  weed  Avherc  clean  cultivation 
is  desired,  growing  and  spreading  with  wonderful  rapidity, 
and  being  at  the  same  time  a  large  consumer  of  })lant  food, 
it  would  hardly  be  considered  a  desirable  fodder  crop  on 
most  farms.  Whether  it  has  any  special  ability  to  dissolve 
and  utilize  ordinarily  insoluble  plant  food,  has  never  been 
determined. 

Purslane  has  been  frequently  used  in  many  sections  as  a 
pot  herb,  being  cooked  in  a  similar  way  to  spinach,  etc.  It 
is  thus  highly  esteemed  by  many. 


R  — PARSONS'  "SIX  DOLLAR"  FEED. 

The  station  frequently  receives  letters  requesting  informa- 
tion relative  to  the  value  of  this  material.  We  think  Mr. 
Parsons  himself  quite  fairly  states  in  his  circular  what  this 
feed  is.  He  says  :  "  It  is  composed  principally  of  the  hulls 
of  different  kinds  of  grains  and  other  low-grade  stufl'  from 
grain  mills  and  elevators."  A  sample  lot  was  procured  for 
us  by  an  outside  party.  In  appearance  it  seemed  to  consist 
of  the  chafl*  of  difterent  grains.     It  analyzed  as  follows  :  — 


Water. 

Ash. 

Protein. 

Fibre. 

Nitrogen- 
free 
Extract. 

Fat. 

Parsong'  feed,         .... 
Oat  hulls  for  coraparieon,     . 

11.00 
14.30 

7.90 
10.00 

9.99 
4.00 

17.89 
34.00 

61.10 
30.20 

2.12 
1.60 

It  is  quite  evident  from  the  above  analysis  that  this  samjile 
of  the  feed  contained  a  considerable  (juantity  of  hulls,  chafl", 


*  Bulletin,  82,  Indiana  Experiment  Station. 
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etc.,  because  of  the  presence  of  so  large  an  amount  of  fibre. 
It  contained,  however,  in  addition,  other  grain  refuse  and 
sweepings,  for  there  is  consideraljle  more  protein  and  extract 
matter  than  would  be  found  in  clear  hulls. 

The  material  was  fed  to  sheep,  to  ascertain  its  digestibility. 
These  animals  were  induced  to  eat  it  after  a  little  etibrt.  The 
figures  following  represent  the  percentages  digestible  of  the 
total  amounts  of  the  several  ingredients  contained  in  the  feed, 
and  are  termed  digestion  coefficients  :  — 


Dry 

Matter. 

Ash. 

Protein. 

Fibre 

Nitrogen - 

free 
Extract. 

Fat. 

ParBone' "  six  dollar"  feed, 
Oat  hulls  for  comparison, . 

56 

12 

&7 
35 

47 
57 

64 
45 

81 
35 

This  lot  showed  a  degree  of  digestibility  approaching  aver- 
age late-cut  English  hay,  and  superior  to  oat  hulls.  How 
much  diff"erent  lots  are  likely  to  vary  in  quality,  we  cannot 
state.  Considerable  diflerence  in  quality  would  naturally  be 
expected. 

We  endeavored  to  feed  this  material  to  cows,  as  a  partial 
hay  substitute,  but  the  animals  could  not  l)e  induced  to  eat  it. 
This  was  in  the  spring  of  the  year.  It  is  possible  that  in 
the  winter  some  of  it  might  have  been  consumed  with  satis- 
fiictory  results.  It  is  dry,  possesses  considerable  fertilizing 
value,  having  l.GO  per  cent,  of  nitrogen,  and  is  chiefly  use- 
ful as  an  absorbent.  We  have  not  determined  its  content 
of  phos})horic  acid  and  potash.  Oat  hulls  show  .45  percent, 
of  potash  and  .13  per  cent,  of  phosphoric  acid.  A  conser- 
vative estimate  of  its  fertilizing  value  would  be  $3  per  ton. 
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Part    I.  —  Report    on    Official    Inspection    of   Commercial 
Fertilizers. 

Part  II.  —  Report  on  General  Work  in  the  Chemical  Lab- 
oratory. 

Part  I.  —  Report  on  Official  Inspection  of 
Commercial  Fertilizers  and  Agricultural 
Chemicals  during  the  Season  of  1900. 


chakles  a.  goessmann. 


The  total  number  of  manufacturers,  importers  and  dealers 
in  commercial  fertilizers  and  agricultural  chemicals  who  have 
secured  licenses  during  the  past  season  is  55  ;  of  these,  33 
have  offices  for  tlie  general  distribution  of  their  goods  in 
Massachusetts,  8  in  New  York,  6  in  Connecticut,  2  in  Ver- 
mont, 2  in  Rhode  Island,  1  in  Canada,  1  in  Maine,  1  in  New 
Jersey  and  1  in  Illinois. 

Two  hundred  and  forty-four  distinct  brands  of  fertilizer, 
including  chemicals,  have  been  licensed  in  the  State  during 
the  year. 

Four  hundred  and  forty-three  samples  of  fertilizers  have 
thus  far  been  collected  in  the  general  markets  by  experienced 
assistants  in  the  station. 
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Three  hundred  and  seventy-two  samples  were  analyzed 
at  the  close  of  November,  1900,  representing  251  distinct 
brands  of  fertilizer.  These  analyses  were  pulilished  in  three 
bulletins  of  the  Hatch  Experiment  Station  of  the  Massachu- 
setts Agricultural  College:  No.  65,  March;  No.  68,  July; 
and  No.  70,  November,  1900. 

The  samples  not  already  analyzed,  together  with  others 
that  may  })e  collected  l)efore  the  first  of  May,  1901,  will  be 
examined  with  a  view  of  being  published  in  our  spring  bul- 
letin. It  has  not  always  been  possil)lc  to  secure  a  complete 
list  of  the  samples  licensed  in  the  State ;  but  as  thorough  a 
canvass  as  possible  is  annually  made,  varying  more  or  less 
the  towns  to  be  visited  from  year  to  year,  as  seems  advis- 
able to  the  inspector.  The  methods  of  sampling  are  those 
laid  down  by  our  State  laws  for  the  regulation  of  the  trade 
in  commercial  fertilizers. 

For  the  readers'  benefit  the  following  abstract  of  the  results 
of  our  analyses  is  here  inserted  :  — 


(a)  Where  three  essential  elements  of  plant  food  were  guaranteed  :  - 
Number  with  three  elements  equal  to  or  above  the  highest  guarantee, 
Number  with  two  elements  above  the  liighest  guarantee,     . 
Numt)er  with  one  element  above  the  higliest  guarantee. 
Number  with  three  elements  between  the  lowest  and  highest  guarantee, 
Number  with  two  elements  between  the  lowest  and  highest  guarantee, 
Number  with  one  element  between  the  lowest  and  highest  guarantee, 
Number  with  three  elements  below  the  lowest  guarantee,  . 
Number  with  two  elements  Ijelow  the  lowest  guarantee. 
Number  with  one  element  below  the  lowest  guarantee, 

(li)  Where  two  essential  elements  of  plant  food  were  guaranteed  :  — 
Number  with  two  elements  above  the  highest  guarantee,     . 
Number  with  one  element  above  the  highest  guarantee, 
Number  with  two  elements  l)etween  tlie  lowest  and  highest  guarantee. 
Number  with  one  element  between  the  lowest  and  highest  guarantee. 
Number  with  two  elements  below  the  lowest  guarantee. 
Number  with  one  element  below  the  lowest  guarantee, 

((■ )  Wliere  one  essential  element  of  plant  food  was  guaranteed  :  — 

Number  above  the  highest  guarantee 

Number  between  the  lowest  and  highest  guarantee,     .... 
Number  below  lowest  guarantee, 


16 

15 

27 

24 

73 

85 

88 

118 

84 

92 

68 

43 

_ 

1 

19 

11 

68 

50 

7 

5 

32 

20 

20 

19 

27 

6 

2 

_ 

18 

20 

10 

15 

16 

9 

10 

10 

A  comparison  of  the  above-stated  results  of  our  inspec- 
tion with  the  results  of  1899  shows,  with  the  exception  of 
those  fertilizers  which  are  classed  under  (b)  (where  two 
essential  elements  of  plant  food  are  guaranteed) ,  a  marked 
superiority  in  favor  of  the  samples  analyzed  in  1900. 
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From  a  careful  scrutiny  of  the  results  of  analyses  published 
in  the  three  bulletins  during  the  year  it  becomes  an  easy 
matter  for  the  farmer  to  intelligently  select  his  fertilizers  for 
the  next  year's  consumption,  always  bearing  in  mind  tluit 
the  fertilizer  costing  the  least  i)er  ton  is  not  always  the  most 
economical  fertilizer  to  buy,  but  rather  the  one  that  will  fur- 
nish the  greatest  amount  of  nitrogen,  potassium  oxide  and 
phosphoric  acid,  in  a  suitable  and  available  form,  for  the 
same  money. 

Trade    Values  of  Fertilizing  Ingredients    in  Rato   Materials   and 
Chemicals,  1899  and  1900  {Cents  per  Pound). 


1900. 


Nitrogeu  in  timmonia  salts, 

Nitrogen  in  uitrateK, 

Organic  nitrogen  in  dry  and  fine-ground  fish,  meat,  blood  and  in  high-grade 

fertilizers. 

Organic  nitrogen  in  fine  bone  and  tankage 

Organic  nitrogen  in  medium  l)one  and  tankage 

Phosphoric  acid  soluble  in  water, 

Phosjihoric  acid  soluble  in  ammonium  citrate, 

Phosphoric  acid  in  fine-ground  fish,  bone  and  tankage,         .... 
Phosphoric  acid  in  cotton-seed  meal,  castor  poiuace  and  wood  ashes, 

Phosphoric  acid  in  coarse  fish,  bone  and  tankage, 

Phosphoric  acid  insoluble  (in  water  and  in  ammonium  citrate)  in  mixed 

fertilizers. 
Potash  as  sulfate  (free  from  chlorides),  .        ....... 

Potash  as  muriate, 


15.0 
12.5 
14.0 

14.0 
10.0 
4.5 


4.0 
4.0 
4.0 
2.0 
2.0 

5.0 
4.25 


17.0 
13.5 
15.5 

15.5 
11.0 
4.5 
4.0 
4.0 
4.0 
3.0 
2.0 

5.0 
4.25 


The  cost  of  some  of  the  leading  forms  of  nitrogen  shows  a 
marked  increase,  as  compared  with  the  preceding  year,  1899. 

The  above  trade  values  are  based  on  the  market  cost,  dur- 
ing the  six  months  preceding  March,  1900,  of  standard  raw 
materials  which  are  largely  used  in  the  manufacture  of  com- 
pound fertilizers  found  in  our  markets.  The  following  is  a 
list  of  such  materials  :  — 


Sulfate  of  ammonia. 
Azotine. 

Cotton-seed  meal. 
Linseed  meal. 
Bone  and  tankage. 
Nitrate  of  soda. 
Dried  blood. 
Castor  pomace. 
Dry  ground  fish. 
Dry  ground  meat. 


Dissolved  bones. 

Aeid  phosphate. 

Refuse  bone-black. 

Ground  phosphate  rock. 

High-grade  sulfate  of  potash. 

Sulfate  of  potasli  and  magnesia. 

Muriate  of  potash. 

Kainit. 

Sylvinite. 

Crude  saltpetre. 
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How  to  use  the  table  of  trade  values  in  calculating  the  ap- 
proximate value  of  a  fertilizer :  Calculate  the  value  of  each 
of  the  three  essential  articles  of  plant  food  (nitrogen,  phos- 
phoric acid  and  potassium  oxide,  including  the  different 
forms  of  each  wherever  different  forms  are  recognized  in  the 
table)  in  one  hundred  ])ounds  of  the  fertilizer,  and  multiply 
each  product  by  twenty,  to  raise  it  to  a  ton  basis.  The  sum 
of  these  values  will  give  the  total  value  of  the  fertilizer  per 
ton  at  the  })rincipal  places  of  distribution.  An  example  will 
suffice  to  show  how  this  calculation  is  made  :  — 

Analysis  of  Fertilizer  (Per  Cent.,  or  Pounds  in  One  Hundred 
Pounds  of  Fertilizer) . 

Nitrogen, 4 

Soluble  phosphoric  acid, .8 

Reverted  phosphoric  acid, 4 

Insoluble  phosplioric  acid, 2 

Potassium  oxide  (as  sulfate), 10 


Value 

per  Hundred 

Pounds. 

Value  per  Ton 
(Two  Thou- 
sand Pounds). 

Four  pounds  nitrogen,  at  15.5  cents, 

Eight  pounds  soluble  phosphoric  acid,  at  4.5  cents,  . 
Four  pounds  reverted  phosphoric  acid,  at  4  cents,     . 
Two  pounds  insoluble  phosphoric  acid,  at  2  cents,     . 
Ten  pounds  potassium  oxide,  at  5  cents,     .... 

$0  62X20 
36X20 
16X20 
04X20 
50x20 

=$12  40 
=     7  20 
=     3  20 
=        80 
=  10  00 

$33  60 

The  following  table  gives  the  average  analysis  of  officially 
collected  fertilizers  for  1900  :  — 
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List  of  Manufacturers  and  Dealers  ^oho  have  secured  Certificates 
for  the  Sale  of  Commercial  Fertilizers  in  the  State  of  Mas- 
sachusetts during  the  Past   Year  (May  i,   1900,  to  May  1, 
1901),  and  the  Brands  licensed  by  Each. 
Works,     Chicago, 


Armour     Fertilizer 
III.:  — 
All  Soluble. 

Blood,  Bone  and  Potash. 
Amraoniatcd  Bone  with  Potash. 
High-grade  Potato. 
Cape  Cod  Asparagus  Mixture. 
Armour's  Grain  Grower. 
Bone  Meal. 
White  Bone  Flour. 
Armour's  Flower  Food. 

Wm.  H.  Abbott,  Holyoke,  Mass :  — 
Animal  Fertilizer. 
Eagle  Brand  for  Grass  and  Grain. 
Tobacco  Fertilizer. 

American  Cotton  Oil   Co.,  New  York, 
N.  Y.  :  — 
Cotton-seed  Meal. 
Cotton-hull  Ashes. 

Butchers'  Rendering  Co.,  Fall    River, 

Mass. :  — 
Bone  and  Tankage. 

Bartlett  &  Holmes,  Springfield,  Mass. :  — 
Pure  Ground  Bone. 
Animal  Fertilizer.    ' 
Tankage. 

East  India  Chemical  Works  (H.  J.  Baker 
&  Bro.,  proprietors).  New  York, 
N.  Y.  :  — 

Castor  Pomace. 

A.  A.  Ammoniated  Superphosphate. 

Complete  Potato  Manure. 

Strawberry  Manure. 

Complete  Tobacco  Manure 

C.  A.  Bartlett,  Worcester,  Mass. :  — 
Pure  Ground  Bone. 

Berkshire  Mills  Co. ,  Bridgeport,  Conn. : — 
Complete  Fertilizer. 
Potato  Phosphate. 
Ammoniated  Bone  Phosphate. 

Hiram  Blan chard,  Eastport,  Me. :  — 
Fish,  Bone  and  Potash. 


Bowker  Fertilizer  Co.,  Boston,  Mass. :  — 

Stockbridge  Special  Manures. 

Bowker' s  Farm  and  Garden  Phos- 
phate. 

Bowker's  Hill  and  Drill  Phosphate. 

Bowker 's  Lawn  and  Garden  Dressing. 

Bowker's  Potato  and  Vegetable 
Fertilizer. 

Bowker's  Fish  and  Potash  (Square 
Brand). 

Bowker's  Potato  Phosphate. 

Bowker's  Market-garden  Manure. 

Bowker's  Sure  Crop  Phosphate. 

Bowker's  High-grade  Fertilizer. 

Bowker's  Bone  and  Wood  Ash  Fer- 
tilizer. 

Gloucester  Fish  and  Potash. 

Nitrate  of  Soda. 

Dissolved  Bone-black. 

Muriate  of  Potash. 

Sulfate  of  Potash. 

Dried  Blood. 

Wood  Ashes. 

Ground  Bone. 

Bradley  Fertilizer  Co.,  Boston,  Mass. :  — 
Bradley's  X.  L.  Phosphate. 
Potato  Manure. 
Potato  Fertilizer. 
Complete  Manure  for  Potatoes  and 

Vegetables. 
Corn  Phosphate. 

Breck's  Lawn  and  Garden  Dressing. 
Eclipse  Phoshate. 
Niagara  Phosphate. 
Fine-ground  Bone. 
Muriate  of  Potash. 
Kainit. 

Double  Manure  Salts. 
High-grade  Sulfate  of  Potash. 
Nitrate  of  Soda. 
Dissolved  Bone-black. 
Brightman's  Fish  and  Potash. 

Joseph  Breck  &  Sons,  Boston,  Mass. :  — 
Breck's  Market-garden  Manure. 

Daniel  T.  Church,  Providence,  R.  I.  (E. 
Wilcox,  general  agent) :  — 
Church's  D.  Fish  and  Potasbi 
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Clark's    Cove    Fertilizer    Co.,    Boston, 
Mass. :  — 
Bay  State  Fertilizer. 
Ba.y  State  Fertilizer,  G.  G. 
Potato  Manure. 
Potato  Fertilizer. 
Great  Planet  Manure. 
King  Philip  Guano. 

Cleveland  Dryer  Co.,  Boston,  Mass. :  — 
Cleveland  Superphosphate. 
Cleveland  Potato  Phosphate. 
Cleveland     High-grade     Complete 
Manure. 

E.  Frank  Coe  Co.,  New  York,  N.  Y. :  — 
High-grade  Ammoniated  Bone  Su- 
perphosphate. 
Special  Potato  Fertilizer. 
Fish  and  Potash,  F.  P. 
Gold  Brand  Excelsior  Guano. 
Tobacco  and  Onion  Fertilizer. 
Vegetable  and  Vine. 
Bay  State  Phosphate. 
Market-garden  Special  Fertilizer. 

Crocker  Fertilizer  and  Chemical  Co., 
Buffalo,  N.  Y. :  - 

Crocker's  Ammoniated  Corn  Phos- 
phate. 

Crocker's  Potato,  Hop  and  Tobacco 
Phosphate. 

Crocker's  New  Rival  Ammoniated 
Superphosphate. 

Crocker's  General  Crop  Phosphate. 

Crocker's  Superior  Fertilizer. 

Crocker's  Grass  and  Oats  Fertil- 
izer. 

Cumberland  Bone  Phosphate  Co.,  Bos- 
ton, Mass. :  — 
Cumberland  Superphosphate. 
Cumberland  Potato  Fertilizer. 

L.  B.  Darling  Fertilizer  Co.,  Pawtucket, 
II.  I. :  — 
Potato  and  Root  Crop. 
Blood,  Bone  and  Potash. 
Fine  Bone. 
Potato  Manure. 
Animal  Fertilizer. 
Comi)letc  Ten  Per  Cent.  Manure. 
Nitrate  of  Soda. 
Muriate  of  Potasli. 

John  C.  Dow  &  Co.,  Boston,  Mass. :  — 
Pure  Ground  Bone. 


Eastern  Chemical  Co.,  Boston,  Mass. :  — 
Imperial  Liquid  Plant  Food. 
Imperial  Liquid  Grass  Fertilizer. 

Wm.  E.  Fyfe  &  Co.,  Clinton,  Mass. :  — 
Canada  Wood  Ashes, 

Farmers'  Union  Fertilizer  Co.,  Peabody, 
Mass. :  — 
Corn  King. 

Market-garden  Special. 
Complete  Potato  Fertilizer. 
Ammoniated  Bone  Fertilizer. 

Great  Eastern  Fertilizer  Co.,  Rutland, 
Vt.  :  — 
Northern  Corn  Special. 
Vegetable,  Vine  and  Tobacco. 
General  Fertilizer. 
Grass  and  Oats  Fertilizer. 
Garden  Special. 

Thomas  Hersom  &  Co.,  New  Bedford, 
Mass. :  — 
Meat  and  Bone. 
Ground  Bone. 

F.   E.    Hancock,   AValkerton,    Ontario, 
Can. : — 
Pure  Unleached  Canada  Hardwood 
Ashes. 

Charles  W.   Hastings,   Jamaica  Plain, 
Mass. :  — 
Ferti  Flora. 

Thomas  Kirley,   South    Hadley   Falls, 
Mass. :  — 
Pride  of  tlio  Vallej% 
Tankage. 

Lowell  Fertilizer  Co.,  Boston,  Mass.  :  — 
Swift's  Lowell  Bone  Fertilizer. 
Swift's  Lowell  Animal  Brand. 
Swift's  Lowell  Potato  Phosphate. 
Swift's  Lowell  Lawn  Dressing. 
Swift's  Lowell  ISIarket  Garden. 
Swift's  Lowell  Fruit  and  Vine. 
Swift's  Lowell  Tol>acco  Manure. 
Swift's  Lowell  Dissolved  Bone  and 

Potash. 
Swift's  Lowell  Potato  Manure. 
Swift's  Lowell  Ground  Bone. 
Swift's  Lowell  Nitrate  of  Soda. 
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Lister's  Agricultural  Chemical  Works, 
Newark,  N.  J.  :  — 
Lister's  Success  Fertilizer. 
Lister's  Celebrated  Onion  Fertilizer. 
Lister's  Special  Potato  Fertilizer. 
Lister's    High-grade     Special     for 

Spring  Crops. 
Lister's  Special  Tobacco  Fertilizer. 


Lowe  Bros.  &  Co.,  Fitchburg 
Tankage. 


Mass. :  — 


The  Mapes  Formula  &  Peruvian  Guano 
Co.,  New  York,  N.  Y. : — 
The  Mapes  Bone  Manures. 
The  Mapes  Superphosphates. 
The  Mapes  Special  Crop  Manures. 
Sulfate  of  Potash. 
Nitrate  of  Soda. 
Tobacco  Ash  Constituents. 

Geo.  L.  Monroe,  Oswego,  N.  Y. :  — 
Pure     Canada    Uuleached     Wood 
Ashes. 

McQuade  Bros., West  Auburn,  Mass. :  — 
Pure  Ground  Bone. 

National    Fertilizer     Co.,     Bridgeport, 
Conn. : — 
Chittenden's  Market  Garden. 
Chittenden's  Complete  Fertilizer. 
Chittenden's  Ammoniated  Bone. 
Chittenden's  Fish  and  Potash. 

Pacific  Guano  Co.,  Boston,  Mass. :  — 
High-grade  General. 
Soluble  Pacific  Guano. 
Potato  Special. 
Nobsque  Guano. 

Packer's    Union    Fertilizer     Co.,   New 
York,  N.  Y.  :  — 
Gardener's  Complete  Manure. 
Animal  Corn  Fertilizer. 
Potato  Manure. 
Universal  Fertilizer. 
Wheat,  Oats  and  Clover  Fertilizer. 

Parmenter  &  Polsey  Fertilizer  Co.,  Pea- 
body,  Mass. :  — 
Plymouth  Rock  Brand. 
Special  Potato  Fertilizer. 
Special  Strawberry  Manure. 
A.  A.  Brand. 

Star  Brand  Superphosphate. 
Pure  Ground  Bone. 
P.  &  P.  Potato  Fertilizer. 


Quinnipiac  Co.,  Boston,  Mass.:  — 
Phosphate. 
Potato  Manure. 
Corn  Manure. 
Market-garden  Manure. 
Grass  Fertilizer. 
Pequot  Fish  and  Potash. 
Havana  Tobacco  Fertilizer. 
Climax  Phosphate. 

Rogers  &  Hubbard  Co.,  Middletown, 
Conn. : — 

Hubbard's  Fertilizer  for  Oats  and 
Top  Dressing. 

Hubbard's  Grass  and  Grain  Fer- 
tilizer. 

Hubbard's  Fairchild's  Formula  for 
Corn. 

Hubbard's  Soluble  Potato  ^Manure. 

Hubbard's  Soluble  Tobacco  Ma- 
nure. 

Hubbard's  Potato  Manure. 

Hubbard's  All  Soils  and  All  Crops. 

Hubbard's  Corn  Phosphate. 

Hubbard's  Raw  Knuckle-bone 
Flour. 

Hubbard's  Strictly  Pure  Fine  Bone. 

N.  Roy  &    Son,  South    Attleborough, 
Mass. :  — 
Complete  Animal  Fertilizer. 

Russia  Cement  Co.,  Gloucester,  Mass. : — 

Essex  Dry  Ground  Fish. 

Essex  XXX  Fish  and  Potash. 

Essex  Potato  Fertilizer. 

Essex  Corn  Fertilizer. 

Essex  Complete  Manure  for  Pota- 
toes and  Vegetables. 

Essex  Complete  Manure  for  Corn, 
Grain  and  Grass. 

Essex  Odorless  Lawn  Dressing. 

Essex  Special  Tobacco  F'ertilizer. 

Essex  Tobacco  Starter. 

Rogers  Manufacturing  Co.,  Rockfall, 
Conn. ; — 

All  Around  Fertilizer. 

Complete  Potato  and  Vegetable  Fer- 
tilizer. 

Complete  Corn  Fertilizer. 

Fish  and  Potash. 

High-grade  Soluble  Tobacco  and 
Potato. 

High-grade  Oats  and  Top  Dressing. 

High-grade  Grass  and  Grain. 

High-grade  Tobacco  Fertilizer. 
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Read  Fertilizer  Co.,  New  York,  N.  Y. 
(D.  PI.  Foster,  general  agent)  :  — 
Read's  Standard. 
High-grade  J'arnier's  Friend. 
Practical  Potato  Special. 
Bone,  Fish  and  Potash. 
Samson. 
Potato  Manure. 
Vegetable  and  Tine. 

Liicien  Sanderson,  New  Haven,  Conn. :  — 
Sanderson's  Old  Reliable. 
Sanderson's  Formula  A. 
Sanderson's  Blood,  Bone  and  Meat. 
Sanderson's  Nitrate  of  Soda. 
Sanderson's  Dissolved  Bone-black. 

Standard  Fertilizer  Co.,  Boston,  Mass.  :  — 
Standard  Fertilizer. 
Standard  Guano. 
Standard  Complete  Manure. 
Standard  Special  for  Potatoes. 
Standard  A  Brand. 

Thomas  L.  Stetson,  Randolph,  Mass. :  — 
Ground  Bone. 

Henry  F.  Tucker  Co.,  Boston,  Mass. :  — 
Original  Bay  State  Bone  Superphos- 
phate. 
Special  Potato  Fertilizer. 

Darius  Whithed,  Lowell,  Mass. :  — 
Ground  Bone. 
Champion  Animal  Fertilizer. 


The  Wilcox   Fertilizer  Works,  Mystic, 
Conn. : — 
Potato,  Onion  and  Tobacco  Manure. 
High-grade  Fish  ami  Potash. 
Drj'  Ground  Fish  Guano. 
Fish  and  Potash. 

Williams  &  Clark  Fertilizer  Co.,  Boston, 
Mass. :  — 
High-grade  Special. 
Ammoniated  Bone  Superphosphate. 
Potato  Phosphate. 
Corn  Phosphate. 
Potato  Manure. 

Special  with  ten  per  cent.  Potash. 
Royal  Bone  Phosphate. 
Prolific  Crop  Producer. 
Fine  Wrapper  Tobacco  Grower. 
Bone  Meal. 

M.  E.  Wheeler  &  Co.,  Rutland,  Yt.  :  — 
Corn  Fertilizer. 
Potato  Manure. 
Havana  Tobacco  Grower. 
Superior  Truck  Fertilizer. 
Bermuda  Onion  Grower. 
Grass  and  Oats  Fertilizer. 
Electrical  Dissolved  Bone. 

A.  L.  Warren,  Northborough,  Mass. :  — 
Fine-ground  Bone. 

Sanford  Winter,  Brockton,  Mass. :  — 
Fine-ground  Bone. 


J.    M.    Woodard 
,    Mass. :  — ■ 
Tankage. 


&    Bro.,    Greenfield, 
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Pakt  II.  —  Report   on   General   Work  in  the 
Chemical  Laboratory. 


CHARLES   A.    GOESSMANN. 


1.  Analysis  of  materials  sent  on  for  examination. 

2.  Notes  on  wood  ashes. 

3.  Notes  on  sludge,  its  agricultural  value. 

4.  Notes  on  pbospliatic  slag,  as  a  source  of  phosphoric  acid  for 

manurial  purposes. 

1.     Analyses  of  Materials  sent  on  for   Examination. 

During  the  past  season  237  materials  have  been  received 
and  the  results  of  our  examination  have  been  published  in 
detail  in  bulletins  65,  68  and  70  of  the  Hatch  Experiment 
Station  of  the  Massachusetts  Agricultural  College,  together 
with  the  results  of  the  official  inspection  of  commercial  fer- 
tilizers. 

The  responsibility  of  the  genuineness  of  the  articles  sent 
on  for  examination  rests  in  all  cases  with  the  parties  asking 
for  analyses,  and  our  pul)lication  of  results  merely  refers  to 
the  locality  from  which  they  come.  It  is  evident,  from  the 
increase  each  year  of  the  num])er  of  materials  sent  in  for 
analysis,  that  there  is  a  growing  interest  taken  in  this  work, 
and  individuals  are  realizing  the  value  of  such  chemical 
investigations. 

The  waste  products  of  our  industries  are  becoming  from 
year  to  year  more  numerous  and  important.  As  the  current 
modes  of  manufacture  are  constantly  undergoing  changes 
which  affect  seriously  their  commercial  manurial  value,  fre- 
quent investigation  of  this  class  of  materials  cannot  help  but 
prove  l)eneficial  to  the  farmer,  and  hence  arrangements  are 
made  to  attend  to  the  examination  of  these  materials  to  the 
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full  extent  of  our  resources.  This  work  is  carried  on  free 
of  charge  to  the  farmers  of  this  State,  the  results  of  analysis 
being  returned  in  the  order  of  the  arrival  of  samples  at  the 
office.  Below  is  given  a  list  of  materials  received  during 
the  past  season,  which  shows  the  general  nature  of  the 
work  :  — 


Wood  ashes,       .... 

73 

Acid  phosphate, 

.    1 

Cotton-hull  ashes, 

8 

Dissolved  bone-black. 

.     2 

Brickyard  ashes, 

1 

Dissolved  bone. 

.     2 

Leather-scrap  ashes, . 

1 

Cotton-seed  meal, 

.     4 

Lime-kiln  ashes. 

2 

Castor  pomace,  . 

.     1 

Lime  refuse,      .        .        . 

1 

Cotton  waste,     . 

.    7 

Muriate  of  potash,    . 

3 

Tobacco  stems,  , 

'.     3 

Hio:h-o:rade  sulfate  of  potash,  . 

2 

Tobacco  dust,     . 

.     1 

Suliate  of  potash  and  magnesia, 

3 

Muck,         .... 

.     2 

Kainit,        ..... 

1 

Peat, 

.     1 

Silicate  of  potash, 

1 

Soot, 

.     1 

Sulfate  of  ammonia, . 

1 

Bat  guano, .... 

.     1 

Nitrate  of  soda, .... 

3 

Cork  dust, .... 

.     1 

Ground  bone,     .... 

7 

Kiln  dust,  .... 

.     1 

Raw  bone  flour, 

1 

Complete  fertilizers, . 

.  13 

Steamed  bone  meal,  . 

1 

Refuse  from  garbage  plant, 

.     1 

Tankage, 

5 

Stable  manures, 

.  U 

Dry  fish  meat,    .... 

2 

Stable  retiise  material. 

.     1 

Florida  rock  phosphate,    . 

1 

Sludge,       .... 

.    7 

Phosphatic  slag. 

1 

Soils,          .... 

.  29 

South  Carolina  rock  phosphate. 

2 

Bug  death, 

.     1 

Apatite, 

1 

Miscellaneous  materials,  . 

.  22 

These,  together  with  other  manurial  products  common  to 
commercial  and  agricultural  industries,  are  carefully  inves- 
tigated, and  the  results  of  our  examination  are  free  to  the 
farmers  of  the  State.  As  our  resources  are  limited,  we 
have  to  request  all  farmers  sending  material  for  examination 
to  prepay  express  charges. 


2.  Notes  on  Wood  Ashes. 
During  the  past  year  (1900)  80.8  per  cent,  of  the  mate- 
rials sent  on  for  analysis  consisted  of  wood  ashes,  as  against 
24.4  per  cent,  the  previous  year  (1899).  The  wood  ashes 
sold  for  manurial  purposes  in  our  State  are  subject  to  official 
inspection,  and  the  dealers  in  this  commodity  must  secure  a 
license  to  sell  before  they  can  legally  advertise  their  article. 
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The  goods  must  be  sold  on  a  guaranteed  analysis,  stating 
their  percentages  of  potash  and  of  phosphoric  acid  present, 
and  this  analysis  must  be  fastened  to  each  package  or  car 
that  contains  them.  As  the  dealer  is  obliged  only  to  fur- 
nish a  guarantee  of  the  amount  of  potash  and  of  phosphoric 
acid  present  in  the  ashes,  no  objection  can  be  raised  regard- 
ing the  amount  of  moisture,  so  long  as  the  specified  amount 
of  these  two  elements  is  present. 

Wood  ashes  ought  to  be  bought  and  sold  by  weight,  and 
not  by  measure,  for  both  moisture  and  general  character  of 
the  foreign  matters  are  apt  to  seriously  aifect  the  weight  of  a 
given  volume.  The  following  table  shows  the  general  char- 
acter of  the  wood  ashes,  so  far  as  their  chemical  composition 
is  concerned,  that  have  appeared  in  the  general  markets  dur- 
ing the  season  of  1900  :  — 

Analysis  of  Wood  Ashes. 


CONSTITUENTS. 


Number  of  Samples. 


1899. 

1900. 

2 

1 

21 

25 

35 

32 

1 

13 

1 

1 

4 

1 

9 

6 

13 

12 

7 

25 

19 

14 

2 

7 

2 

7 

4 

6 

43 

62 

10 

4 

34.10 

32.51 

16 

15 

26 

35 

7 

12 

7 

11 

Moisture  below  1  per  cent., 

Moisture  from  1  to  10  per  cent., 

Moisture  from  10  to  20  per  cent., 

Moisture  from  20  to  30  per  cent., 

Moisture  above  30  per  cent., 

Potassium  oxide  above  8  per  cent., 

Potassium  oxide  from  7  to  8  per  cent 

Potassium  oxide  from  6  to  7  per  cent., 

Potassium  oxide  from  5  to  6  per  cent. 

Potassium  oxide  from  4  to  5  per  cent  , 

Potassium  oxide  from  3  to  4  per  cent., 

Potassium  oxide  below  3  per  cent 

Phosphoric  acid  above  2  per  cent., 

Phosphoric  acid  from  1  to  2  per  cent. 

Phosphoric  acid  below  1  per  cent 

Average  per  cent,  of  calcium  oxide  (lime) 

Per  cent,  of  mineral  matter  insoluble  in  diluted  hydrochloric 
acid  :  — 
Below  10  per  cent., 

Between  10  and  15  per  cent 

Between  15  and  20  per  cent 

Above  20  per  cent., 
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To  assist  our  farmers  in  selecting  the  l)est  quality  of"  wood 
ashes  in  our  market,  it  is  desiral)le  that  those  sending  sam- 
ples for  analysis  will  state  the  name  of  the  i)arty  of  whom 
the  goods  were  purchased  and  price  per  ton  paid. 

3.  Notes  ox  Sludge,  its  Agricultural  Value. 
The  interest  in  the  character  of  this  class  of  materials  and 
their  value  for  nianurial  purposes  is  deservedly  steadily  in- 
creasing, judging  from  inquiries  received  at  this  office.  As 
the  source  of  the  article  as  well  as  the  mode  of  collecting  the 
same  may  difler  w'idely,  it  is  but  natural  that  no  definite 
advice  can  be  furnished  without  a  special  examination  into 
the  existing  circumstances.  The  subsequent  compilation  of 
analyses  of  sludge,  made  at  the  request  of  farmers  of  the 
State,  are  published  to  increase  a  more  general  interest  in 
the  matter :  — 


Analyses  of  Samples  of  Sludge  (Pei'  Cent.). 

[The  five  samples  were  received  from  Worcester,  Mass.  I.,  taken  from  bottom  of 
basin,  unpressed ;  II.,  taken  from  top  of  basin,  unpressed ;  III.,  pressed  sample, 
yellowish  in  color;  IV.,  pressed  sample,  black  color;  V.,  pressed  sample,  red- 
dish color.] 


CONSTITUENTS. 

I. 

11. 

III. 

IV.     1      V. 

Moisture  at  100°  C, 

Nitrogen 

65.99 
.44 

63.59 
.38 

54.98 
.49 

68.15       63.11 
.36           .62 

Analyses  of  Samples  of  Sludge  (Per  Cent. ) . 

[I.,  Average  complete  analysis  of  the  above  five  samples  ;  II.,  slndije  received  from 
Worcester,  Mass.;  III.,  sludge  received  from  Brockton  filter  beds  (IS'J'J) ;  IV., 
sludge  received  from  Brockton  filter  beds  (1900).] 


CONSTITUENTS. 

I. 

II. 

III. 

IV. 

Moisture  at  100°  C, 

61.16 

65.61 

21.44 

2.77 

PhoBphoric  acid, 

.39 

.47 

.86 

.72 

Potassium  oxide, 

.13 

.07 

.16 

.06 

Nitrogen, 

.46 

.58 

1.31 

1.27 

Calcium  oxide, 

5.08 

- 

1.13 

trace. 

Ferric  oxide, 

6.50 

- 

- 

- 

Aluminum  oxide, 

2.05 

- 

- 

- 

Magnesium  oxide, 

2.19 

- 

- 

- 

Sulfuric  acid  (SO:.), 

.44 

- 

- 

- 

Carbonic  acid,  ........ 

4.86 

- 

- 

- 

Chlorine, 

trace. 

- 

- 

- 

Insoluble  matter, 

10.57 

6.63 

~ 
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It  will  be  seen  from  the  above  analyses  that  there  is  a 
great  difterence  in  the  percentage  of  the  fertilizing  constitu- 
ents present  in  the  different  samples.  There  remains,  how- 
ever, no  doubt  that  these  materials  when  properly  studied 
furnish  a  valuable  source  of  plant  food,  when  they  can  be 
conveniently  obtained,  and  supplemented  by  such  ingredients 
as  potash  and  phosphoric  acid  compounds,  to  render  them 
more  suitable  for  manurial  purposes  in  case  of  different  crops. 

4.  Notes  on  Phosphatic  Slag  as  a  Source  of  Phos- 
phoric Acid  for  Manorial  Purposes. 

The  phosphatic  slag,  sometimes  called  Thomas  basic  phos- 
phatic slag,  or  odorless  phosphate,  in  advertisements  of 
dealers  of  commercial  fertilizers,  is  obtained  as  a  by-product 
in  the  conversion  of  phosphorus  containing  iron  ores  into 
phosphorus  free  metallic  iron.  Investigations  regarding  its 
fitness  as  an  economical  source  of  phosphoric  acid  for  manu- 
rial purposes  have  received,  from  the  date  of  its  first  pro- 
duction, the  special  attention  of  agricultural  chemists  and 
agriculturists  of  Germany  and  other  European  countries. 
Field  observations  in  the  United  States  date  back,  as  far  as 
the  writer  is  informed,  to  the  year  1888 .  Summing  up  the  re- 
sults of  the  past,  it  will  be  admitted  that  a  genuine  })hospliatic 
slag,  judiciously  applied,  has  proved  a  valuable  addition  to  our 
phosphoric-acid-containing  manurial  resources,  and  that  its 
use  is  only  limited  by  its  supply  at  a  reasonable  cost. 

The  subsequent  tabular  statement  may  convey  some  more 
definite  idea  regarding  the  general  character  of  the  phos- 
phatic slag  tested  at  Amherst,  Mass.  :  — 

Analyses  of  Phosphatic  Slag  {Per  Cent.). 

[I.,  German  phosphatic  slag  (sent  on),  1887 ;  II.,  English  phosphatic  slag  (sent  on)» 
1887;  III.,  German  phosphatic  slag  (imported  for  station  nse),  1888;  IV.,  phos- 
phatic slag  received  from  England,  1888.] 


CONSTITUENTS. 

I. 

II. 

III. 

IV. 

Moisture  at  100°  C 

.10 

.37 

6.08 

.37 

Ferric  and  aluminum  oxides, 

4.26 

_ 

15.98 

8.55 

Total  phuephoric  acid 

31.51 

18.91 

21.05 

18.91 

Available  phosphoric  acid, 

.19 

5.93 

_ 

_ 

Insoluble  phosphoric  acid 

30.32 

12.98 

_ 

_ 

Calcium  oxide, 

41.87 

49.82 

53.97 

49.22 

Magnesium  oxide 

-. 

_ 

3.83 

_ 

luBoluble  matter 

13.74 

5.06 

- 

5.06 
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Analyses  of  PJiospJiatic  Slag  (Per  Ce7it.). 

[I.,  bouslit  for  field  experiments,  1894 ;  II.,  sent  on  from  Hatfield,  Mass.,  1893 ;  III., 
sent  on  from  Marslifield,  Mass.,  1893 ;  IV.,  sent  on  from  Amberst,  Mass.,  1893; 
v.,  sent  on  from  Manslield,  Mass.,  1900.] 


CONSTITUENTS. 

I. 

II. 

III. 

IV. 

V. 

Moisture  iit  100°  C 

.47 

1.12 

.60 

.63 

.25 

Ferric  and  aluminum  oxides,        .... 

14.35 

- 

- 

- 

- 

Total  phosplioric  acid, 

19.04 

18.40 

19.45 

18.42 

19.80 

Available  phosphoric  acid 

- 

- 

- 

- 

0.04 

Insolulile  phosphoric  acid, 

- 

- 

- 

- 

13.76 

Calcium  oxide,         . 

46.47 

49.00 

61.30 

4S.27 

52.93 

Magnesium  oxide, 

5.05 

- 

- 

- 

- 

Carbonic  acid 

- 

2.67 

2.25 

- 

- 

Potassium  oxide 

- 

.32 

.52 

- 

.50 

Insoluble  matter 

4.39 

7.20 

5.12 

5.53 

- 

The  analyses  of  phosphatic  slag  in  earlier  years,  as  a  rule, 
show  lower  percentages  of  ammonium  citrate  soluble  phos- 
phoric acid  "vvhen  subjected  to  the  same  current  mode  of  treat- 
ment as  other  phosphatic  fertilizers,  —  a  circumstance  due  to 
the  presence  of  a  varying  quantity  of  caustic  lime,  which 
caused  a  decomposition  of  the  citrate  of  ammonia,  and  thus 
affected  more  or  less  seriously  its  power  to  dissolve  the  avail- 
able phosphoric  acid  present.  The  recognition  of  this  fact 
on  the  part  of  chemists  has  caused  the  adoption  of  a  modifi- 
cation in  the  character  and  the  concentration  of  the  citrate 
of  ammonia  solution  proposed  by  Dr.  P.  Wagner,  which  aims 
at  a  neutralization  of  the  free  lime.  The  determination  of 
available  phosphoric  acid  in  phosphatic  slag,  by  Wagner's 
method,  for  trade  purposes  is  to-day  generally  adopted.  As 
our  above-stated  analyses  of  phosphatic  slag  extend  over  a 
period  of  more  than  twelve  years,  the  main  interest  in  our 
results  consists  in  the  statement  of  the  amount  of  total  phos- 
phoric acid  found  present. 

Aside  from  these  recent  changes  in  the  current  modes  of 
analyzing  these  phosphates,  there  has  l)een  introduced  an 
important  change  in  the  manufacture  of  phosphatic  slag  for 
manurial  purposes.     As  in  the  fertilizer  trade,  the  valuation 
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of  the  })hosphoric  acid  is  based,  as  a  rule,  on  the  amount  of 
available  phosphoric  acid  present.  Manufacturers  of  phos- 
phatic  slag  have  aimed  at  the  production  of  a  material  which, 
by  chemical  analysis,  will  show  the  largest  amount  of  avail- 
able phosphoric  acid ;  this  result  is  obtained  by  fusing  the 
slag  at  about  900°  C.  with  sufficient  quartz  sand  to  change 
the  free  lime  present  into  silicate  of  lime.  The  inventor  of 
this  process  (G.  Hoyermann)  has  published  as  an  illustration 
the  following  results  :  — 

Analyses  of  Tliomas  Phosphatic  Slag  (^Per  Cent.). 

[I.,  analysis  of  Thomas  phosphatic  slag  liefore  smelting  with  quartz  sand;    II., 
analysis  of  the  same  material  after  fusing  with  quartz  sand.] 


CONSTITUENTS. 


I. 


It. 


Calcium  oxide  (free  lime) , 

Silicic  acid 

Available  jihoBphoric  acid  (percentage  of  whole), . 


11.00 
2  to  3 
58.00 


.70 
12.00 
84.00 


The  general  introduction  of  Hoyermann's  process  has 
changed  the  character  of  the  phosphatic  slag  of  earlier  years 
materially.  The  phosphatic  slag  of  to-day  contains,  in  ex- 
ceptional cases  only,  some  free  lime,  not  sufficient  to  charge 
any  beneficial  efi'ect  of  the  phosphatic  slag  on  the  crop  raised 
to  free  lime  present. 

An  imitation  of  phosphatic  slag  is  reported  as  having  been 
introduced  in  Sweden.  It  is  obtained  by  fusing  apatite  with 
soda  ash  at  from  700°  to  800°  C.  No  representative  sample 
of  this  material  has  yet  come  to  the  writer's  notice. 
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REPORT   OF   THE   BOTANISTS. 


G.    E.   STONE,   R.    E.   SMITH. 


The  work  of  this  division  during  the  past  year  has  con- 
sisted as  usual  in  the  investigation  of  various  forms  of  phmt 
disease,  together  with  a  hirge  amount  of  correspondence,  the 
preparation  of  results  for  pul)lication,  and  miscellaneous 
botanical  work.  Bulletin  Xo.  G9,  on  "The  rottinji:  of  ""reen- 
house  lettuce,"  was  issued  during  the  year,  giving  an  account 
of  the  work  on  this  subject,  to  which  reference  has  been 
made  in  several  recent  annual  reports  of  this  station.  The 
extent  of  the  lettuce-forcing  industry  in  this  State  makes 
the  subject  of  this  bulletin  one  of  great  importance,  as  the 
financial  loss  from  this  source  has  been  a  lars-e  and  increasinir 
one.  Xotably  in  the  case  of  the  disease  known  as  the 
"drop,"  the  least  understood  and  the  most  destructive  of 
these  troubles,  results  have  been  obtained  which  show  hitherto 
entirely  unknown  characteristics  in  the  development  of  the 
organism  which  causes  the  trouble,  on  the  basis  of  which 
knowledge  a  practical  and  efficacious  treatment  can  be  ap- 
plied. Another  result  of  no  small  importance  has  been 
the  demonstration  of  the  worthlessness  of  many  so-called 
remedies. 

Our  greenhouses  used  for  purposes  of  experiment  have  as 
usual  been  devoted  to  the  study  of  problems  connected  with 
the  forcing  of  vegetables,  principally  cucumbers,  in  addition 
to  lettuce. 

Aster  Diseases. 

During  the  past  summer,  work  on  the  diseases  of  the  China 
aster  has  been  continued,  upon  a  much  more  extensive  scale 
than  heretofore.  Altogether  some  15,000  plants  were  grown, 
and  a  great  variety  of  experiments  were  conducted  upon 
fertilizers,  varieties,  localities,  time  of  planting,  methods  of 
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handling,  etc.  In  one  bed,  600  feet  in  length,  were  grown 
all  the  varieties  of  this  plant  obtainable  from  the  leading 
seedsmen  of  the  country,  over  300  in  all.  This  plant  is 
very  generally  affected  by  a  number  of  serious  troubles,  most 
prominent  of  which  is  a  disease  of  a  peculiarly  obscure  nature. 
No  organism  of  any  kind  appears  to  be  the  cause  of  it,  yet 
it  has  a  very  characteristic  as  well  as  destructive  effect.  Our 
most  recent  results  indicate  that  the  abnormal  development  is 
due  to  a  disturbance  of  the  assimilative  (metabolic)  functions 
of  the  plant.  The  conditions,  however,  which  bring  about 
this  disturbance,  seem,  as  shown  by  our  results  thus  far, 
contradictory  and  obscure.  At  least  three  other  diseases,  all 
of  a  fungous  nature,  also  attack  the  aster,  with  serious  effects. 
These  can  be  more  readily  understood,  if  not  prevented. 
Complaint  is  made  from  all  parts  of  the  country  of  trouble 
in  growing  this  popular  flower. 

Nematode  "Worms. 
A  peculiar  disease  on  potted  cuttings  of  perennial  phlox 
was  sent  in  during  the  past  winter,  which  proved  to  be  caused 
by  a  species  of  nematode,  but  quite  diflerent  from  that  attack- 
ing the  roots  of  many  plants,  to  which  this  division  has 
devoted  considerable  attention.  This  new  form  attacks  the 
stem  of  the  plant,  causing  there  an  abnormal  enlargement, 
while  the  leaves  arc  stunted  or  reduced  to  mere  rudiments, 
and  the  plant  generally  dies.  The  worm  causing  the  mis- 
chief is  a  slender  creature  of  microscopic  size,  which  embeds 
itself  in  the  tissues  of  the  stem,  where  it  multiplies  rapidly 
and  produces  the  abnormal  growth.  The  species  is  an  un- 
described  one,  though  it  appears  to  be  the  same  as  that  men- 
tioned by  several  writers  as  attacking  the  stems  and  leaves 
of  plants.  This  is  the  only  occurrence  of  the  sort  which  we 
have  known  in  this  State,  and  from  its  nature  it  does  not  a]v 
pear  to  be  anything  which  will  become  generally  prevalent 
or  destructive. 

Cucumber  Mildew  {Flasinojpara  Ouhensis,  B.  and  C). 
This  mildew  made  its  appearance  in  Massachusetts  during 
the  past  autumn  for  the  first  time,  so  far  as  we  are  aware, 
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since  1889,  when  it  was  reported  by  Dr.  Humphrey  *  as 
found  in  two  disthict  localities  in  the  State.  This  time  it  is 
again  reported  as  occurring  upon  greenhouse  cucunil)ers  in 
two  entirely  distinct  and  remote  localities,  namely,  Beverly 
and  Leominster,  but  we  are  not  aware  of  its  [)resence 
during  the  summer  on  out-door  cucumbers,  s(|uashes  or 
melons.  The  fungus  occurs  more  commonly  in  the  south, 
and  even  no  furtiier  remote  than  Ohio  and  Long  Island  it 
has  proved  exceedingly  disastrous  to  out-door  crops.  It  is 
surmised  by  Professor  Selby  of  Ohio  that  it  i)ersists  in  the 
south  and  works  its  way  northward  as  the  season  advances. 
The  notable  results  in  Long  Island,  obtained  ))y  Stewart, f 
in  spraying  with  the  Bordeaux  mixture  cucumbers  aU'ected 
with  this  mildew,  show  that  the  disease  can  be  practically 
controlled. 

The  fungus  appears  largely  upon  the  under  side  of  the 
leaf,  as  a  downy  mass,  greatly  resembling  the  downy  mildew 
of  the  grape.  It  must  not,  however,  be  confounded  with 
the  common  powdery  mildew  found  so  frequently  upon  the 
upper  surface  of  cucuml)er  leaves.  It  is,  moreover,  more 
disastrous  than  the  powdery  mildew,  and  on  this  account 
should  not  be  neglected  when  found. 

Russian  Thistle  in  Massachusetts. 
The  first  report  of  the  finding  of  the  Russian  thistle  in 
Massachusetts  which  has  come  to  our  notice  is  made  by  Mr. 
Wm.  P.  Rich.j  Two  plants  were  first  observed  by  him  on 
a  railroad  bank  at  Dedham,  Aug.  22,  1897,  and  since  that 
time  the  plants  have  shown  a  tendency  to  increase  slightly. 
Mr.  Rich  states  that  on  Aug.  4,  1900,  he  found  in  the  same 
locality  twenty  plants.  A  few  of  them  had  spread  three 
hundred  feet  from  where  first  observed  in  1897.  The  Rus- 
sian thistle  has  l)een  previously  reported  in  New  York  and 
Rhode  Island. 

*  Ei.<;hth  annual  report,  Massacliusctts  A,i,'ricultiiral  Exi)erinient  Station,  p.  210. 
t  New  York  Agricultural  Experiment  Station  Bulletin,  No.  119,  Geneva,  N.  Y. 
X  Rhodora,  Vol.  XL,  p.  204. 
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Influence  of  Chemical  Solutions  upon  the  Germina- 
tion OF  Seeds. 

It  is  well  known  that  there  are  many  chemical  solutions 
which  accelerate  and  retard  the  germination  of  seeds  ;  it  is 
also  known  that  germinating  seeds  are  very  susceptible  to 
changes  in  temperature  and  moisture,  to  variations  in  the 
degree  and  kinds  of  light,  to  the  amount  of  oxygen  they 
receive,  to  the  influence  of  electricity,  etc.  It  was  our 
idea,  in  inaugurating  these  experiments,  to  determine  to 
what  degree  seeds  could  be  accelerated  in  their  germination, 
and  also  to  what  extent  their  germinating  capacity  could  be 
increased.  Experiments  in  this  direction  have  been  carried 
on  in  this  department  since  1895,  but  they  have  been  inter- 
rupted a  number  of  times.  These  experiments  have  been 
directed  along  two  lines,  namely,  a  study  of  the  influence  of 
physical  factors  upon  germination,  and  a  study  of  the  eff*ects 
of  diflerent  chemical  solutions  upon  germination.  The  re- 
sults of  the  former  experiments  have  already  been  published, 
in  a  l)ulletin  entitled  "  Electro  germination ;"  while  some  of 
the  results  of  the  latter,  which  have  been  carried  on  by  Mr. 
E.  H.  Sharpe,  at  one  time  a  student  in  the  college,  constitute 
the  subject  of  this  article. 

Any  form  of  treatment  capable  of  accelerating  the  germi- 
nation of  seeds  possesses  perhaps  more  scientific  than  prac- 
tical value ;  but  there  are,  nevertheless,  some  high-priced 
seeds  which  do  not  retain  their  germinating  capacity  very 
long,  and,  if  the  percentage  of  germination  can  be  materially 
increased  at  a  small  expense,  such  a  treatment  would  be 
worthy  of  practical  consideration.  It  is  not  our  purpose, 
however,  to  maintain,  from  the  results  shown  in  the  follow- 
ing tables,  that  they  warrant  practical  application. 

The  solutions  selected  for  these  experiments  are  those 
which  are  frequently  found  in  seeds  and  seedlings ;  and  it 
was  thought  that,  hy  applying  these  solutions  to  the  seeds 
for  a  certain  numljer  of  hours,  they  might  supply  the  defi- 
ciency in  some  essential  constituent,  and  thus  enable  poorer 
and  exhausted  seeds  to  germinate.  There  are  many  seeds 
which  do  not  retain  the  power  of  germinating  very  long ; 
and  it  might  be  supposed  that  one  cause  of  this  had  some 
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connection  with  the  normal  condition  of  the  enzymes  or  fer- 
ments, wliicli  tire  essential  for  the  conversion  of  certain  seed 
products  into  iivailal)le  forms  for  germination.  It  is  with 
this  idea  in  mind  that  our  experiments  with  solutions  have 
been  conducted  ;  and  the  solutions  selected  have  been  those 
which  arc  known  to  exist  in  many  seeds  and  seedlings  as 
ferments  or  enz3''mes,  termed  diatase,  pepsin,  trypsin  and 
others,  and  amides,  such  as  asparagin,  leucin,  etc.  With 
the  exception  of  diatase,  all  of  the  chemicals  used  in  niakino^ 
these  solutions  were  obtained  from  Mercks,  the  diatase  being 
made  up  from  malt.  These  experiments  are  by  no  means  as 
complete  as  desired,  but  circumstances  did  not  permit  of 
their  continuation  at  the  time  they  were  made. 

Experiments  loith  Asparagin  Solutions. 
Asparagin  is  a  typical  amide,  found  in  connection  Avith 
many  seedlings  and  storage  organs.  During  germination  the 
amides  increase  in  some  instances  to  a  considerable  extent. 
Asparagin  is  especially  abundant  in  leguminous  seedlings, 
and  is  believed  to  play  an  important  part  in  metabolism. 
The  following  tables,  I.  to  V.,  represent  the  effects  of  aspar- 
agin solution  ui)on  different  seeds  which  display  considerable 
variation  in  their  germinating  capacity.  One  hundred  seeds 
were  used  in  all  instances  for  each  strength  of  solution,  and 
the  strength  of  solution  varied  in  each  experiment  from  .  1  to 
2  per  cent.  The  seeds  were  soaked  in  asparagin  twelve 
hours,  after  which  they  were  rinsed  with  water  and  placed 
in  Zurich  germinators  excluded  from  the  light  in  a  room  with 
fairly  even  temperature.  The  number  of  seed  germinating 
each  day  were  taken  out  and  recorded,  no  observations  being 
made  previous  to  twenty-four  hours  after  placing  them  in 
the  germinator.  In  many  instances  the  number  of  observa- 
tions have  been  omitted  in  the  tables,  to  save  space,  and  the 
percentages  in  the  last  columns  give  the  final  results.  The 
relative  gain,  however,  during  this  period,  is  practically  the 
same  as  that  preceding  it.  The  seeds  were  in  every  instance 
left  a  few  days  or  a  week  longer,  in  order  to  see  if  any  more 
would  germinate.  We  endeavored  to  select  seed  wliich  did 
not  show  a  high  percentage  of  germination,  but  in  every  case 
this  was  not  accomplished. 
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Table   I.  —  Shoioing  the  Effects  of  Asparagin  Solutions  iqyon  the 
Germination  of  Alfalfa  Seeds  (Medicago  sativa  L.). 

Experiment  A. 


BTRENGTH   OF  SOLUTIOISr. 


Percent AOB  op  Germination  (in  Days). 


(24  Hours), 


4. 


Normal,    . 
2  per  ceut., 
1  per  cent., 
.5  per  cent., 
.25  per  cent., 
.1  per  cent., 


85 
92 


Normal  average  (per  cent.), 
Aeparagin  average  (per  cent.), 


88.0 
98.6 


Experiment  B. 


STRENGTH  OF  SOLUTION. 


Percentage  of  Germi- 
nation (IN  Days). 


Normal, 
2  per  cent., 
1  per  cent., 
.5  per  cent., 
.25  per  cent., 
.1  per  cent., 


Normal  average  (per  cent.), 90.0 

Asparagin  average  (per  cent.) 99.4 

Experiments  A  and  B  in  the  table  show  an  acceleration  in 
germination  as  well  as  a  gain  in  the  germinating  capacity. 
Experiment  ^  is  a  repetition  of  ^.  Both  experiments  lasted 
three  days  longer  than  indicated  by  the  table,  but  no  further 
germination  occurred  in  either. 


Table  II.  — Showing  the  Effects  of  Asparagin  Solutions  ripon  the 
Germination  of  Rape  Seeds  (Brassica  napus  L.). 


STRENGTH   OF   SOLUTION. 


Percentage  op  Germination. 


1 

9, 

». 

4. 

a. 

0. 

7. 

8. 

9. 

2 

8 

16 

25 

1 

1 

2 

2 

4 

11 

23 

39 

47 

5 

5 

5 

6 

10 

10 

14 

17 

28 

5 

5 

6 

6 

10 

16 

22 

31 

41 

6 

7 

10 

12 

17 

28 

40 

51 

58 

1 

1 

1 

1 

3 

7 

25 

36 

49 

Normal, . 
2  per  cent.,     . 
1  per  cent., 
.5  per  cent.,   . 
.25  per  cent., . 
.1  per  cent.,  . 


Normal  average  (per  cent.), 
Asparagin  average  (per  cent.) , 


68.0 
88.8 
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This  experiment  lasted  three  days  longer  than  indicated  in 
the  table,  and,  as  no  further  germination  occurred,  the  experi- 
ment was  discontinued. 

Table  III.  —  Shotving  the  Effects  of  Asparagin  Solutions  upon  the 
Germination  of  Canadian  Field  Pea  (^Experiment  A)  and 
Vetch  (^Experiment  B)  Seeds. 

Exj)eriynent  A. 


STRENGTH  OF   SOLUTION. 


Pbrcentage  op  Germination 
(IN  Days). 


(24  Hours). 


Normal, 
2  per  cent.,  . 
1  per  cent  ,  . 
.5  per  cent.,  . 
.25  per  cent., 
.1  per  cent.,  . 


98 
100 
100 
100 

99 


100 

100 
100 
100 
100 
100 


Normal  average  (per  cent.), 100 

Asparagin  average  (per  cent.) 100 


Exx)eriment  B. 


STRENGTH   OF   SOLUTION, 


Pbrcentage  of  Germination 
(IN  Days). 


Normal  average  (per  cent.), 99 

Aeparagiu  average  (per  cent.) 100 

On  account  of  the  especially  good  seed  used  in  these  ex- 
periments, the  results  merely  show  an  acceleration,  due  to 
the  asparagin. 
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Table  IV.  —  Shomiiuj  the  Effects  of  Asparagia  Solutions  upon  the 
Germination  of  Buckwheat  Seeds  {Facjopyrum  esculentum 
Moench) . 


STRENGTH  OF  SOLUTION. 


Percentage  of  Germination  (in  Dats). 


1 

(24  Hours). 

2. 

3. 

4. 

.5. 

6. 

7. 

8. 

1 

36 

60 

65 

71 

71 

71 

71 

1 

42 

71 

76 

77 

77 

77 

77 

- 

30 

67 

71 

77 

SO 

80 

80 

- 

47 

80 

86 

91 

92 

92 

92 

- 

32 

64 

68 

72 

75 

75 

75 

- 

43 

75 

79 

80 

83 

84 

84 

Normal, . 
2  per  cent.,  . 
1  per  cent  ,  . 
.5  per  cent.,  . 
.25  percent., . 
.1  per  cent.,  . 


Normal  average  (per  cent.), 71.0 

Asparagin  average  (per  cent.) o 81.6 

No   change  in  the  results  were   shown  when  experiment 
was  allowed  to  remain  two  days  longer. 


Table  V.  — Showing  the  Effects  of  Asparagin  Solutions  tcpon  the 
Germination  of  Serradella  Seeds  (Ornithopus  sativits). 


STRENGTH   OF   SOLUTION. 


Percentage  of  Germination  (in  Days). 


(24  Hours). 


2. 

3. 

4. 

5. 

G. 

7. 

8. 

o.| 

2 

7 

10 

16 

28 

34 

40 

42 

2 

7 

16 

25 

28 

34 

41 

46 

3 

16 

24 

34 

39 

44 

47 

53 

4 

13 

23 

26 

32 

39 

48 

52 

6 

16 

22 

31 

34 

38 

44 

51 

4 

10 

21 

29 

35 

41 

47 

52 

Normal, . 
2  per  cent.,     . 
1  per  cent., 
.5  per  cent  ,   . 
.25  per  cent.,. 
.1  per  cent.,    . 


Normal  average  (per  cent.), 55.0 

Asparagin  average  (per  cent.), 74.8 

The  seeds  in  this  experiment  failed  to  germinate  further 
than  shown  in  the  table.  Another  experiment  showed  a  cor- 
responding acceleration,  and  at  the  end  of  fifteen  days,  when 
no  more  seed  would  germinate,  the  normal  gave  54  per 
cent,  and  the  treated  averaged  79  per  cent.  One  experi- 
ment with  asparagus  seed  showed  an  acceleration  through- 
out, and  gave  for  the  normal  40  per  cent.,  while  the  treated 
was  45  per  cent.,  — a  gain  of  little  consequence. 
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In  considering  tlie  results  of  asparagin  experiments  as  a 
whole,  WG  find  that  the  average  percentage  of  germination 
for  the  normals  in  live  experiments  was  74.5  per  cent.  ;  that 
for  the  treated,  88.6  i)er  cent.  When  the  average  percent- 
age of  the  normal  is  coniijarcd  with  the  .5  per  cent,  asparagin 
solution,  we  obtain  88.8  per  cent,  for  asparagin  and  74.5 
per  cent,  for  the  normal. 

In  experiments  dealing  with  seeds  showing  a  small  germi- 
nating capacit}-,  some  allowance  must  he  made  for  individual 
variation,  and  it  is  l)ettcr  to  use  a  largo  number  of  seeds  in 
such  cases,  or,  what  is  better,  to  have  the  experiment  re- 
peated a  number  of  times  with  each  species.  Four  experi- 
ments, however,  of  one  hundred  seeds,  possess  more  value 
than  one  where  four  hundred  seeds  are  used.  After  due 
allowance  has  been  made  for  individual  variation,  it  will  be 
observed  that  the  asparagin  exerts  an  acceleration  upon  the 
j^ermination  of  certain  seeds,  and  also  increases  their  iiermi- 
nating  capacity.  The  various  solutions  of  asparagin  used 
show  no  detrimental  effect  upon  the  seeds. 

Experiments  with  Leucin  Solutions. 
Leucin,  like  asparagin,  is  an  amide,  and  is  found  frequently 
in  connection  with  the  latter  in  germinating  seeds  and  seed- 
lings. The  seeds  were  soaked  twelve  hours  in  different 
strengths  of  solutions,  and  then  rinsed  before  placing  them  in 
Zurich  germinators,  as  in  the  asparagin  experiments.  Tables 
VI.  and  VII.  give  the  result  of  two  experiments  with  leucin. 


Table  VI.  —  Shotdng  the  Effects  of  Leucin  Solutions  upon  the 
Germination  of  Buckwheat  Seeds  (Fagopi/rwn  esculentum 
Moench) . 


Percentage  of  Germination  (in 

Days). 

STRENOTU  OF  SOLUTION. 

1 
(24  Hours). 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

11. 

Normal, 

20  1  56 

68 

72 

72     72 

72 

72 

1  per  cent 

_ 

20     61 

68 

70 

72     73 

73 

74 

.5  per  cent., 

_ 

20      o'J 

71 

76 

77 

78 

80 

80 

.25  per  cent., 

_ 

11  ,  51 

64 

71 

74 

74 

75 

80 

.1  per  cent., 

_ 

22 

66 

81 

89 

90 

92 

92 

92 

.05  per  cent., 

21 

01 

74 

76 

78 

78 

79 

80 

Normal  uvenige  (percent.), 

72  0 

Leucin  average  (pur  cent.), 

. 

. 

. 

81  5 

80 
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No  further  geriiiinatiou  took  place  in  the  untreated  seeds 
after  the  fifth  day. 

Table  VII.  —  Showing  the  Effects  of  Leucin  Solutions  upon  the 
Germination  of  Alfalfa  Seeds  (Meclicago  sativa). 


STRENGTH   OF   SOLUTION. 


Percentage  op  Germination  (in  Days). 


1 

(24  Hours). 

2. 

3. 

4. 

43 

87 

90 

90 

43 

90 

93 

95 

43 

89 

94 

96 

46 

95 

98 

98 

47 

94 

96 

97 

51 

95 

98 

98 

Normal,  . 
1  per  cent., 
.5  per  cent., 
.25  per  ceut., 
.1  per  cent., 
.05  per  cent., 


Normal  average  (per  cent.) 90.0 

Leucin  average  (per  cent.), 97.0 

No  further  germination  took  phice  in  the  untreated  seeds 
after  the  third  day.  Another  experiment  with  alf\ilfa  gave 
89  per  cent,  for  the  normal  and  98  per  cent,  for  the  treated 
seeds.  The  average  of  the  three  leucin  experiments  gave  83 
per  cent,  for  the  normal  and  92  per  cent,  for  the  treated. 
The  various  solutions  of  leucin  had  no  injurious  effect  on  the 
seeds. 

Exijerhnents  luith  Pef)siu  Solutions. 

Pepsin  is  a  proteolytic  ferment  (enzyme),  found  in  some 
seeds  during  germination,  and  is  capable  of  converting  non- 
diffusible  proteids  into  difiusible  ones.  The  seeds  in  the 
experiments  shown  in  the  two  tables.  VIII.  and  IX.,  were 
treated  as  in  the  preceding  ones. 

Table  VIII.  —  Showing  the  Effects  of  Pepsin  Sohitio7is  \ipon  the 
Germination  of  Crimson  Clover  Seeds  (Trifolitcm  incarna- 
twn  L.). 


Percentage  op  Germination  (in  Dats). 

STRENGTH  OF  SOLUTION. 

1 
(24  Hours). 

1 

2. 

3. 

4. 

5. 

6. 

7. 

Normal, 

9 

21 

25 

27 

27 

28 

28 

5  per  cent 

9 

22 

29 

31 

33 

36 

36 

2.5  per  cent. 

10 

19 

26 

30 

35 

39 

43 

1  per  cent.,        ...... 

17 

26 

31 

37 

39 

40 

42 

.5  per  cent., 

19 

27 

33 

36 

39 

40 

42 

.26  per  cent 

16 

23 

31 

36 

39 

41 

43 

.1  per  cent 

17 

25 

31 

35 

37 

39 

42 

Normal  average  (per  cent.), 28.00 

Pepsin  average  (per  cent.), 4133 
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None  of  the  seeds  showed  any  further  germination  when 
left  five  days  longer.  Two  other  experiments  with  crimson 
clover  were  made  :  in  one  the  normal  seeds  gave  22  percent., 
the  average  of  the  treated  seeds  38.6  per  cent.  ;  in  the  other, 
the  normals  were  22  per  cent.,  while  the  average  treated 
ones  gave  33.8  per  cent.  The  average  of  the  three  crimson 
clover  experiments  is  :  normal  average,  24  per  cent.  ;  pepsin 
average,  34  per  cent.  The  best  results  were  obtained  by 
the  .25  per  cent,  solution  in  each  experiment,  and  l)y  com- 
paring the  results  of  this  treatment  we  have  for  the  normal 
averages  24  per  cent,  and  pepsin  averages  41  per  cent. 

Table  IX.  —  Shoicing  the  Effects  of  Pepsin  Solutions    upon   the 
Germination  of  Cucumber  Seeds  (Cucumis  sativus  L.). 


STRENGTH   OF 

Percentage 

OP  Germination  (in  Days). 

1 

SOLUTION. 

1 
(24  Hours). 

a. 

3. 

4. 

5. 

6.  1  7. 

8. 

9. 

10. 

11. 

12. 

Normal, 

_ 

47 

51 

52 

53 

63 

53 

63 

53 

68 

58 

68 

5  per  cent 

- 

63 

67 

70 

71 

71 

73 

76 

76 

76 

77 

77 

2.0  per  cent 

- 

64 

67 

68 

70 

70 

71 

71 

71 

71 

71 

73 

1  per  cent. 

- 

62 

67 

70 

70 

70 

75 

75 

75 

77 

77 

77 

.5  per  cent 

- 

63 

56 

58 

58 

58 

63 

63 

66 

70 

70 

70 

.25  per  cent 

- 

48 

57 

58 

60  i  60 

63 

65 

67 

70 

70 

70 

.1  per  cent 

- 

63 

56 

58 

60     63 

69 

71 

72 

75 

75 

75 

Normal  average  (per  cent.),   .        . 58.00 

Pepein  average  (per  cent.) 73.66 


None  of  the  seeds  showed  any  further  germination.  Another 
pepsin  experiment  with  cucuml)er  seeds  gave  for  the  normal 
51  per  cent,  and  an  average  of  the  treated  was  68  per  cent. 
Two  pepsin  experiments  with  vetch  (  Vicia  saliva)  gave 
precisely  the  same  percentages  of  germination  for  both  the 
normal  and  treated  seeds,  and  all  of  the  solutions  except 
the  .1  per  cent,  (which  accelerated  germination)  resulted  in 
a  retardation.  Yellow  lupine  seeds  (Lupinus  luteus)  treated 
with  the  various  pepsin  solutions  were  also  retarded,  and 
alfalfa  seeds  responded  to  pepsin  but  slightly.  It  is  known 
that  pepsin  does  not  exist,  or  at  least  has  not  been  detected, 
in  some  germinating  seeds.  Among  these  is  the  lupine,  and, 
from   the    results    of  the  foregoing  experiments,    it  would 
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appear  not  to  be  present,  or  at  any  rate  play  a  very  unimpor- 
tant role,  in  such  seeds  as  vetch  and  alfalfa. 

Waugh*  obtained  favorable  results  with  pepsin  on  tomatoes 
and  watermelon  seeds,  but  not  with  radish  seeds.  In  our 
experiments  the  seeds  showed  a  slight  tendency  to  mould  by 
the  use  of  pepsin. 

Experiments  with  Diastase  Solutions. 
Diastase,  the  starch-converting  ferment,  is  probably  the 
most  widely  distributed  enzyme  in  the  vegetable  kingdom, 
it  being  found  in  seeds  and  mature  parts  of  })lants,  and  usually 
increasing  during  the  molnlization  of  reserved  food  materials. 
The  official  solution  used  l)y  chemists  was  prepared  for  this 
experiment,  and  consisted  of  10  grams  of  fresh,  finely  ground 
malt,  mixed  with  200  cubic  centimeters  of  water.  This  we 
have  roughly  designated,  for  convenience,  as  a  5  per  cent, 
solution,  from  which  the  other  percentages  were  obtained. 
The  methods  of  treatment  follow  those  in  the  preceding 
experiments. 


Table  X.  —  Showing  the  Effects  of  Diastase  Solutions  tipon  the 
Oermination  of  Black  Barley  Seeds  (Hordeum  sativum  Jesseu). 


STRENGTH  OF  SOLUTION. 


Pebcentage  or  Germination  (in  Days). 


(24  Hours) 


Normal, 
5  per  cent.,  . 
2.5  per  ceut., 
1  per  cent.,  . 
.5  per  cent., 
.25  per  cent., 
.1  per  cent., 
.05  per  cent.. 


Normal  average  (per  cent.), 
Diastase  average  (per  cent.). 


•  Tenth  annual  report,  Vermont  Experiment  Station,  pp.  106-111;  also  eleventh 
annual  report,  Vermont  Experiment  Station,  pp.  290-295. 
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Table  XI.  —  Showing  the  Effects  of  Diastase  Solutions  vpon  the 
Germination  of  Upland  Rice  Seeds  (Oryza  sativa  L.). 


STRENGTH  OF  SOLUTION. 


Percentage  op  Germination  (in  Days). 


(24HonrB), 


Normal,    . 
5  per  cent., 
2.5  per  cent., 
1  per  cent., 
.5  per  cent., 
.25  per  cent., 
.1  per  cent., 
.05  per  cent., 


- 

28 

1 

32 

2 

32 

5 

43 

6 

41 

6 

39 

6 

42 

2 

48 

Normal  average  (per  cent.),      . 28.0 

Diastase  average  (per  cent.) 39.5 

Two  other  experiments  were  made,  with  l)lack  bark'v  and 
with  wheat  seeds ;  the  results,  however,  arc  of  no  conse- 
quence, inasmuch  as  the  treated  seeds  l)ecaine  mouldy.  This 
troublesome  feature  constituted  the  worst  drawback  in  all  of 
the  diastase  experiments.  Waugh  experienced  the  same 
trouble  in  the  use  of  many  of  his  solutions.  This  difficulty 
docs  not  lie  in  the  sterilization  of  the  germinating  appliances, 
but  in  the  use  of  the  solutions,  which  constitute  excellent 
media  for  mould  development.  We  therefore  made  the 
practice  of  rinsing  all  of  the  treated  seeds  with  water  before 
placing  them  in  the  germinators,  which  process  helps  keep 
down  the  moulds,  but  in  some  cases  the  moulds  would  appear 
even  after  the  seeds  had  been  rinsed.  The  results  obtained 
from  the  foregoing  experiments  have  already  been  sufficiently 
explained,  and  no  further  comment  upon  them  is  necessary 
here.  In  conclusion,  it  may  be  stated,  however,  that  the 
study  of  the  effects  of  amides  and  ferments  and  other  acceler- 
ated factors  upon  seeds  still  oilers  a  field  for  investigation 
worthy  of  a  much  more  serious  consideration  than  that  given 
here. 
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REPORT   OF   THE   ENTOMOLOGISTS. 


C.    H.    FEKNAhD,     II.    T.    FERNALD. 


During  the  year  which  has  cla})scd  since  the  last  report 
the  entonioloiiical  work  of  the  station  h.as  been  conducted  as 
usual,  and  with  satisfactory  results.  An  increasing  amount 
of  correspondence  shows  that  the  people  of  Massachusetts 
appreciate  the  opportunities  afforded  them  for  assistance 
more  than  formerly,  and  are  availing  themselves  freely  of 
that  assistance. 

The  addition  of  a  very  complete  set  of  apparatus  for  the 
photography  of  insects  and  their  work  has  already  been  of 
much  advantage  to  the  division,  as  photographs  from  life  are 
now  being  made,  for  use  in  the  entomological  publications  of 
the  station.  The  equipment  in  this  line  includes  an  enlarg- 
ing, reducing  and  copying  camera,  a  Premo  camera  for  field 
work  and  another  for  use  in  photomicrography,  all  of  which, 
with  the  necessary  accessories,  are  in  constant  use. 

Last  spring  a  bulletin  on  the  grass  thrips  was  issued  from 
this  division,  being  a  presentation  of  the  practical  and  eco- 
nomic portions  of  the  paper  on  the  same  subject  l)y  Mr.  W.  E. 
Hinds,  which  was  published  as  an  appendix  to  the  last  annual 
report  of  the  college  ;  and  other  bulletins  on  various  important 
sul)jects  are  now  being  prepared.  A  catalogue  of  the  Coccidse 
of  the  world  is  also  in  preparation,  and  will  probably  be 
ready  for  publication  during  the  coming  year.  Several 
papers  on  injurious  insects  have  been  written  by  Dr.  H.  T. 
Fernald,  and  published  by  the  secretary  of  the  Board  of 
Agriculture  of  Massachusetts. 

Many  of  the  entomological  bulletins  from  different  stations 
have  been  l)ound  for  preservation  and  more  convenient  refer- 
ence, and  a  number  of  valuable  recent  publications  have  been 
added  to  the  insectary  library. 
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Insects  of  the  Year. 
The  past  year  has  witaessed  few  serious  insect  attacks  in 
Massachusetts.  Why  this  was  the  case  is  difficult  to  deter- 
mine, thougli  it  is  possible  that  weather  conditions  last  spring 
were  in  a  measure  responsible.  An  early  warm  period,  con- 
tinuing long  enough  to  produce  some  of  the  earlier  changes 
in  insects  from  their  winter  conditions  toward  those  of  spring 
■was  followed  by  a  colder  period,  which,  coming  after  the 
initial  changes  had  been  taken,  caught  the  insects  in  a  state 
where  they  were  unprepared  for  it,  and  may  have  caused  the 
death  of  so  many  as  to  reduce  their  numbers.  How  far  this 
explanation  holds,  however,  cannot  be  determined. 

The  San  Jose  Scale. 

This  most  serious  pest  to  fruit  growers  has  been  present 
in  Massachusetts  a  number  of  years.  When  it  Hrst  made  its 
appearance  in  the  State  it  was  believed  by  many  that  it  had 
reached  about  its  northern  limit  of  distribution,  and  that  its 
injuries  would  not  be  likely  to  be  serious  on  that  account. 
Time  has  shown,  however,  that  this  is  not  the  case,  and  that 
the  scale  can  not  only  l)ecome  a  very  serious  pest  here,  but 
that  it  can  survive  a  temperature  of  thirty  degrees  below 
zero.  The  past  summer,  perhaps  l)ecause  of  its  dryness, 
has  been  distinctly  ftivorable  to  the  rapid  increase  of  the 
scale  and  to  a  correspondingly  increased  destructiveness. 
As  early  as  July  19  currants  were  received  at  the  station  so 
thoroughly  covered  l)y  the  young  scales  as  to  make  them  un- 
salal)le,  and  during  the  fall  apples  and  pears  were  received 
in  a  similar  condition.  Up  to  the  present  year  it  was  not 
known  that  fruit  in  Massachusetts  could  be  so  injured  by  the 
scale  as  to  prevent  its  sale,  though  fruit  trees  killed  by  it 
were  met  with  frequently.  Now,  however,  the  scale  has 
demonstrated  its  ability  to  attack  the  fruit  itself  in  this  lati- 
tude, and  this  must  call  the  attention  of  fruit  raisers  to  the 
necessity  of  giving  the  most  careful  attention  to  their  trees, 
if  they  desire  to  sell  their  products. 

The  scale  has  now  been  received  from  thirty-seven  different 
towns  in  the  State,   and  in   all    pr()I)al)ility  it  occurs  in   as 
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many  more.  It  is  believed  to  have  been  exterminated  in 
three  places  and  in  several  others  to  be  under  control,  but, 
as  it  is  being  sent  in  from  other  States  on  nursery  stock 
each  year,  it  is  l)ut  a  question  of  time  when  it  will  be  pres- 
ent in  almost  every  orchard,  and  destroy  many  of  our  orna- 
mental trees  and  shrubs  as  well.  That  this  is  more  than 
a  mere  fear  is  shown  by  the  remark  of  a  nurseryman  in 
another  State  recently,  when  refused  a  certificate  of  inspec- 
tion ])ecause  of  the  presence  of  this  scale  :  "  Well,  I  can  fill 
my  Massachusetts  orders  with  this  stock,  any  way." 

Much  of  the  correspondence  of  the  division  of  entomology 
has  been  about  this  and  the  other  common  scales,  and,  as 
little  literature  on  the  subject  has  recently  l)een  pul^lished  in 
this  State,  a  bulletin  is  being  prepared  upon  these  insects 
and  the  best  methods  of  treatment  for  them. 

Seventeen-year  Locust. 
This  interesting  insect  appeared  last  June  on  Martha's 
Vineyard  in  considerable  abundance.  As  this  is  the  only 
place  east  of  Pennsylvania  where  the  l)rood  due  in  1900  has 
been  found,  it  seemed  desiral)le  to  make  investigations  as  to 
the  accuracy  of  previous  observations,  and  to  ascertain,  if 
possible,  whether  this  isolated  colony  was  holding  its  own. 
Through  the  kindness  of  Mr.  George  Hunt  Luce  of  West 
Tisbury,  the  necessary  information  and  specimens  were 
obtained,  from  which  it  appears  that  the  brood  is  a  well- 
known  one  on  the  island,  and  was  as  much  in  evidence  as 
ever  this  year. 

Birch  Bucculatrix. 
During  September  the  birches  were  seriously  attacked  by 
the  caterpillars  of  this  insect,  causing  the  leaves  to  become 
brown  and  noticeable,  even  at  some  distance.  The  injury 
w^as  most  apparent  in  the  southern  half  of  the  State,  except 
in  the  Connecticut  valley,  where  it  extended  northward 
nearly  to  the  State  line.  In  1887,  1890  and  1892  this  in- 
sect was  very  abundant  and  destructive  in  Massachusetts, 
and  has  been  present  in  smaller  numbers  every  year.  As  it 
does  not  attract  particular  attention  generally,  it  is  not  im- 
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probable  that  little  will  be  seen  of  it  in  1901,  or,  if  abundant, 
that  it  will  appear  in  the  northern  portions  of  the  State, 
which  escaped  this  year. 

Marguerite  Fly. 
This  little  pest  was  sent  to  the  station  in  February,  1900, 
with  the  statement  that  it  was  destroying  the  marguerites  in 
the  greenhouses  of  the  sender.  Careful  studies  upon  its  life 
history  and  methods  for  its  destruction  were  at  once  com- 
menced, and  arc  now  nearly  completed.  A  successful,  easy 
and  inexpensive  treatment  for  it  has  been  discovered,  and  it 
is  hoped  that  the  results  of  the  work  Avill  soon  be  in  readi- 
ness for  publication. 

Greenhouse  Aleurodes. 

This  insect  has  also  caused  nuich  destruction  in  green- 
houses in  the  State  during  the  past  year,  a  loss  of  four  thou- 
sand dollars  having  been  reported  in  one  case,  the  damage 
being  to  early  tomatoes  and  cucumbers,  which  were  com- 
pletely destroyed.  Thorough  investigations  of  the  structure 
and  life  history  of  this  insect  are  now  being  carried  on  at 
the  insectary,  together  with  a  search  for  methods  which  will 
ensure  its  control. 

Fall  O anker  Worm. 

Little  has  been  published  upon  the  life  history  of  the  fall 
canker  worm.  During  the  year  this  insect  has  been  raised 
from  the  e^^^^,  and  its  various  stages  fully  described,  much 
being  added  to  our  previous  knowledge  of  the  subject. 

Pea-vine  Louse. 
Less  has  been  heard  al)out  this  insect  than  in  1899,  though 
it  has  caused  considerable  loss  in  several  places  in  the  State. 
Whether  it  will   increase  in  importance  during  1901  is  at 
least  doubtful. 

Faunal  Distribution. 

The  distribution  of  insects  is  one  of  great  interest  and  im- 
portance. Many  of  our  worst  pests  will  in  all  i)robability 
never  extend  as  far  north  as  Massachusetts,  where  the  climatic 
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conditions  are  unfit  for  their  continued  existence.  Certain 
portions  of  the  State,  however,  appear  to  be  so  different 
from  others  in  these  regards  that  some  insects  may  thrive 
there  while  una])le  to  live  elsewhere.  It  is  of  the  utmost 
importance,  therefore,  to  be  able  to  locate  these  regions  and 
their  approximate  limits,  that  we  may  know  what  the  range 
of  new  insect  foes  will  probably  be.  To  this  task  the  ento- 
mological division  is  giving  much  attention,  already  with 
many  interesting  and  valuable  results. 


1901.]  PUBLIC   DOCUMENT  — Xo.  33.  89 


REPORT   OF   THE   METEOROLOGIST. 


JOHN  E.    OSTRANDEK. 


During  the  year,  as  in  previous  years,  the  work  of  this 
division  has  been  mainly  that  of  taking  observations  of  the 
various  features  of  the  weather,  and  transcribing  the  records 
in  convenient  form  for  reference  and  preservation.  With 
the  report  of  last  year  were  published  the  means  of  many  of 
the  records  for  a  period  of  ten  years.  These  results  are  now 
assumed  to  indicate  normal  conditions  at  this  station,  and 
the  monthly  means  are  compared  with  them,  for  the  purpose 
of  determining  variation  from  the  normal. 

Bulletins  of  four  pages  each  have  been  regularly  issued  at 
the  beginning  of  each  month,  giving  the  more  important 
daily  records,  together  with  mean  monthly  conditions  and 
remarks  on  any  unusual  features  of  the  month.  The  usual 
annual  summary  will  be  prepared  and  published  with  the 
December  bulletin. 

The  New  England  section  of  the  United  States  Weather 
Bureau  has  furnished  daily,  except  Sunday,  throughout  the 
year  the  local  forecasts  for  the  weather  of  the  following  day, 
and  the  signals  have  been  displayed  from  the  flag  staff  on  the 
tower.  At  the  request  of  the  section  director,  the  weekly 
snow  reports  are  being  sent  to  the  Boston  office  this  season, 
as  has  been  done  the  past  few  years. 

The  observations  for  the  determination  of  the  amount  of 
soil  moisture  by  the  electrical  method  were  started,  but, 
owing  to  the  failure  of  the  apparatus  to  give  any  concordant 
results,  the  work  was  abandoned  after  an  unsuccessful  attempt 
to  remedy  the  defects.  The  electrodes  tried  were  those  that 
last  year  gave  fairly  satisfactory  results  ;  the  reason  for  their 
failure  this  year  is  not  apparent.     It  is  evident  to  the  divi- 
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sion  that  further  work  with  our  present  equipment  would  be 
unprofitable. 

The  true  meridian  established  here  two  years  ago  has  en- 
abled the  division  to  begin  a  series  of  observations  on  the 
declination  of  the  needle.  These  observations  are  taken 
monthly,  and  the  readings  entered  in  the  yearly  record  book. 
The  results  will  be  of  value  in  deducing  a  formula  for  varia- 
tion in  declination  for  this  locality,  and  also  in  making  sur- 
veys with  the  compass. 

The  only  addition  to  the  equipment  during  the  year  con- 
sists of  an  "adder,"  for  facilitating  the  computation  of  mean 
daily  temperatures  from  the  hourly  readings  on  the  Draper 
temperature  chart. 

At  the  opening  of  the  college,  in  September,  Mr.  A.  C. 
Monahan,  the  observer,  retired  from'  the  division,  and  was 
succeeded  by  the  assistant  observer,  Mr.  C.  S.  Rice. 
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REPORT   OF   THE   AGRICULTURIST. 


WM.   P.   BROOKS;    ASSISTANT,   H.    M.   THOMSON. 


The  work  of  the  agricultural  divisiou  of  the  experiment 
station  has  been  carried  on  during  the  i)ast  year  upon  the 
same  general  lines  as  those  which  have  been  followed  in 
recent  years.  The  usual  variety  of  problems  has  presented 
itself  for  experimental  inquiry,  and  the  work  has  been  more 
extensive  than  in  any  previous  year.  As  in  previous  years, 
a  very  large  share  of  our  attention  has  been  directed  to  solv- 
ing some  of  the  many  prol^lems  connected  with  the  use  of 
manures  and  fertilizers.  Our  experiments  in  this  line  em- 
})loy  three  distinct  methods,  viz.,  plot  experiments  in  the 
open  field,  experiments  in  cylinders  plunged  to  the  rim  in 
the  ground,  and  pot  experiments.  The  results  of  the  last 
two  will  not  be  discussed  in  this  report. 

Plot  Experiments. 

A  considerable  number  of  these  has  been  carried  out  upon 
our  own  grounds.  On  these,  we  have  used  one  hundred 
and  sixty-five  plots,  varying  in  size  from  about  one-fortieth 
of  an  acre  in  case  of  some  experiments  to  two  or  three  acres 
in  others,  the  average  size  of  the  plots  being  perhaps  about 
one-tenth  of  an  acre.  Fifty-five  plots  have  been  used  in 
such  experiments  upon  land  hired  for  the  purpose.  The 
nature  of  the  experiments  carried  out  upon  these  plots  will 
be  made  plain  by  the  following  statement :  — 

To  determine  the  relative  value  of  l)arnyard  manure,  nitrate 
of  soda,  sulfate  of  ammonia  and  dried  blood  as  sources  of  nitro- 
gen, and  the  extent  to  which  the  introduction  of  a  crop  of  the 
clover  family  can  make  the  use  of  nitrogen  unnecessary, — 
eleven  plots. 

To  determine  the  relative  value  of  muriate  and  of  sulfate 
of  potash  used  in  connection  with  bone  meal,  —  eleven  ])lots. 
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To  determine  the  relative  value  of  nitrate  of  soda,  sulfate 
of  ammonia  and  dried  l)lood  as  sources  of  nitrogen,  and  of 
muriate  of  potash  and  sulfate  of  potash  as  sources  of  potash 
for  garden  crops,  —  seven  plots. 

To  determine  the  relative  value  of  kainite,  and  of  the 
muriate,  high-grade  sulfate,  low-grade  sulfate,  carbonate, 
silicate  and  nitrate  as  sources  of  potash,  —  forty  plots. 

To  determine  the  relative  efficiency  of  equal  money's  worth 
of  dissolved  bone-black,  ground  South  Carolina  rock,  ground 
Florida  phosphate,  Mona  guano  and  phosphatic  slag  as 
sources  of  phosphoric  acid,  —  six  plots. 

To  determine  the  relative  efficiency  of  equal  quantities  of 
phosphoric  acid,  furnished  in  the  following  materials :  acid 
phosphate,  dissolved  bone-black,  dissolved  bone,  fine-ground 
raw  bone,  fine-ground  steamed  bone,  fine-ground  South  Car- 
olina phosphate,  fine-ground  Florida  phosphate,  phosphatic 
slag,  apatite,  Navassa  phosphate,  — thirteen  plots. 

To  determine  the  relative  value  of  manure  alone,  as  com- 
pared with  a  smaller  quantity  of  manure  and  a  moderate 
amount  of  potash,  for  the  corn  crop,  —  four  plots. 

To  determine  the  relative  value  of  mixtures  of  fertilizer 
materials,  furnishing,  on  the  one  hand,  nitrogen,  phosphoric 
acid  and  potash  in  the  same  proi)ortions  as  in  average  corn 
fertilizers,  and  a  mixture  of  similar  materials  containing  more 
potash,  —  four  plots. 

Soil  test  with  mixed  grass  and  clover,  —  fourteen  plots. 

Soil  test  and  experiment  to  determine  the  eflect  of  liming 
for  onions,  — twenty-four  plots. 

Experiment  in  manuring  grass  lands,  — three  plots. 

Experiment  to  determine  the  value  of  nitrate  of  soda  for 
the  rowen  crop, — twelve  plots. 

Experiment  in  the  use  of  fertilizers  for  orchard  trees,  — 
five  plots. 

Experiment  to  determine  the  relative  efficiency  of  manure 
hauled  and  spread  as  fast  as  made,  compared  with  manure 
put  into  large  piles  and  spread  in  the  spring,  —  ten  plots. 

Alfalfa,  on  which  the  eflect  of  liming  the  soil  is  being 
studied,  occupies  four  plots. 

One  of  the  plot  experiments  upon  hired  land  has  for  its 
object  the  determination  of  the  value  of  nitragin,  or  germ 
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fertilizer,  for  various  legumes,  and  includes  forty  plots ; 
while  fifteen  plots  in  another  locality  have  been  used  in  a 
soil  test  with  grass  as  the  crop. 

Most  of  the  problems  upon  which  wo  hope  to  obtain  light 
by  means  of  these  experiments  have  engaged  our  attention 
for  a  number  of  years.  As  might  naturally  l)e  expected,  the 
results  are  somewhat  affected  by  season,  as  well  as  by  numer- 
ous other  causes  which  are  not  fully  under  control.  Results 
in  some  cases  have  varied  to  some  extent  from  year  to  year, 
and  such  variation  nuist  always  be  looked  for  in  experiments 
of  this  character.  This  variation,  of  course,  renders  inter- 
pretation of  the  results  a  matter  of  much  difficulty.  iNIorc- 
over,  from  the  very  nature  of  the  questions  engaging  our 
attention,  it  is  necessary  that  the  work  should  continue  over 
a  considerable  series  of  years  before  conclusions  of  general 
interest  and  importance  can  be  drawn.  It  does  not,  there- 
fore, seem  best  to  publish  in  full  the  details  concerning  any 
considerable  number  of  these  experiments.  Attention,  how- 
ever, will  be  called  to  some  of  the  conclusions  which  it  is 
believed  are  fully  warranted  by  the  results,  not  of  the  past 
year  alone,  but  of  a  continuous  line  of  investigations  touch- 
ing these  points,  many  of  which  have  continued  for  ten  or 
more  years. 


I.  —  The     Relative    Value    of    Manures     furnishing 

Nitrogen. 
The  experiments  on  wliich  the  conclusions  now  to  l)e 
stated  are  based  have  been  carried  out  on  Field  A,  and  a 
detailed  description  of  the  plan  of  experiment  followed  will 
be  found  in  our  twelfth  annual  report.  These  exj^eriments 
were  begun  in  1890,  and  the  crops  grown  have  been  oats, 
rye,  soy  beans,  oats,  soy  beans,  oats,  soy  l)eans,  oats,  oats, 
clover  and  potatoes.  As  the  result  of  these  experiments, 
we  have  found,  taking  into  account  all  experiments  from  the 
beginning  of  the  work  up  to  date,  that  the  various  manures 
supplying  nitrogen  rank  in  the  following  order :  nitrate  of 
soda,  barnyard  manure,  sulfate  of  ammonia  and  dried  blood. 
If  we  allow  numbers  to  express  the  relative  efficiency  of 
these  materials,  their  standing  is  as  follows  :  nitrate  of  soda, 
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100 ;   barnyard  manure,  90 ;   sulfate  of  ammonia,  89  ;  dried 
blood,  86  ;  the  plots  receiving  no  nitrogen,  68. 

It  should  be  pointed  out :  («)  That  the  figure  for  barn- 
yard manure  is  pro])al)ly  not  a  correct  indication  of  the  rela- 
tive efficiency  of  the  nitrogen  it  contains,  because  Imrnyard 
manure  supplies  humus  and  considerable  quantities  of  lime, 
magnesia  and  other  minerals  which  are  not  supplied  by  the 
fertilizers  used  on  the  other  plots.  These  constituents  of  the 
barnyard  manure  are  in  almost  all  cases  useful.  The  crops 
where  manure  is  used,  therefore,  stand  relatively  higher  than 
the  availability  of  the  nitrogen  alone  would  warrant,  (b)  It 
is  im})ortant  to  point  out,  further,  that  the  relative  standing 
of  the  sulfate  of  ammonia  is  lower  than  it  undoubtedly  would 
have  been  had  lime  been  more  largely  used.  Before  these 
plots  were  limed  the  crops  in  some  years  were  almost  an 
absolute  failure.  Comparing  the  yields  on  the  sulfate  of 
ammonia  with  those  on  the  nitrate  ])lots  for  the  years  only 
which  immediately  follow  the  application  of  lime,  we  find, 
representing  the  yield  on  the  nitrate  of  soda  as  100,  that  the 
yield  of  the  sulfate  of  ammonia  is  101.  The  conclusion  is 
inevitable,  that,  if  we  are  to  depend  u})on  sulfate  of  ammonia 
as  a  source  of  nitrogen,  we  shall  be  obliged  upon  many  of 
our  soils  to  occasionally  use  considerable  quantities  of  lime 
in  connection  with  it.  Since,  however,  a  given  quantity  of 
nitrogen  in  the  form  of  sulf\ite  of  ammonia  costs  more  than 
the  same  quantity  in  the  form  of  nitrate  of  soda,  it  is  evident 
that  the  latter  should  usually  l)e  preferred.  The  nitrate  of 
soda,  however,  is  not  so  readily  used  in  mixture  with  other 
fertilizers,  on  account  of  its  tendency  to  become  moist. 
Such  materials  as  sulfate  of  ammonia  and  dried  blood  are  far 
more  likely  to  remain  dry,  and  can  therefore  be  more  readily 
incorporated  with  other  materials  in  manufacturing  fertilizers 
or  in  makins:  home  mixtures. 

II.  —  Crops  of  the    Clover   Family  (Legumes)  as   Ni- 
trogen Gatherers. 
This   experiment  is   carried   out  in   connection   with  the 
experiments  to  determine  the  relative  value  of  different  ma- 
terials furnishing!  nitrogen  on  Field  A .     Both  soy  beans  and 
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clover  have  been  used,  the  former  diirini*:  three  years,  the 
latter  one  year;  but  it  should  l)o  understood  that  the  crops 
of  ])()th  are  harvested.  We  have  aimed  to  test,  not  the  effect 
of  ploughing  under  these  crops,  l)ut  simply  the  improve- 
ment, if  any,  derived  from  their  roots  and  stubble.  The 
results  indicate  little  or  no  improvement  in  the  condition  of 
the  soil  following  culture  of  the  soy  bean,  while  a  great  im- 
l)rovcmout  followed  the  turning  under  of  the  clover  sod. 
The  following  table,  with  the  curve  l)elow  it,  will,  it  is  be- 
lieved, make  these  facts  clear  :  — 

Effect  of  LeguminoHn  Cropfi  vpon  the  FoUoiri)!'/  Crop  (PokihU). 


1890. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

1900. 

PLOTS. 

n 

13 

a 

n 

i 

u 

2 

S 

9 

>, 

S 

>, 

S 

>. 

42 

■S 

^ 

S 

O 

« 

CQ 

O 

OQ 

o 

OQ 

O 

o 

« 

Ph 

Nitrogen  plots, 

343 

484 

1,965 

598 

620 

494 

1,740 

445 

254 

413 

1,316 

No-nitrogen  plots, , 

290 

421 

1,443 

640 

452 

370 

1,143 

197 

158 

367 

1,254 

[Per  cent,  average  no-nitrogen  to  average  nitrogen.] 


100 
95 
90 
85 
80 
75 
70 
65 
60 
55 
50 
45 

1890. 

i 

o 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

1900. 

i 
1 

«' 

i 

m 
>. 

o 

02 

i 

o 

CQ 

5 

i 

i 

o 

1 

O 

88.9 

o 

1 

a 

2 

84.5 

87.0 

73.5 

90.5 

72.9 

75.0 

65.7 

44.3 

62.2 

95.3 

as 

is 

•2  o 

n    2 

/ 

o    •■- 

/ 

a   i' 
n  ■= 

S?  ° 

fe  -2 

--^ 

\ 

a 
o 

\ 

\' 

EX 

a 
o 

\ 

/ 

\ 

/ 

\ 

/ 

96  HATCH    EXPERIMENT    STATION.  [Jan. 

The  plots,  three  in  numl)er,  from  which  the  average  of 
the  so-called  no-nitrogen  plots  was  obtained,  have  received 
no  nitrogen-containing  manure  or  fertilizer  since  1884.  The 
past  season,  therefore,  is  the  sixteenth  since  these  plots  have 
been  manured  with  anything  containing  nitrogen.  The  fact 
that  after  this  long  period  potatoes  on  a  clover  sod  give  a 
crop  amounting  to  95.3  per  cent,  of  that  on  plots  which 
have  yearly  received  a  fair  amount  of  manure  or  fertilizer 
containing  nitrogen  is  certainly  one  of  much  significance, 
and  strikingly  illustrates  the  advantage  which  may  be  de- 
rived from  the  gro\vth  of  clover  under  ap})ropriate  conditions. 
The  actual  yields  of  potatoes  this  year,  although  not  large, 
were  good ;  the  no-nitrogen  plots  giving  a  yield  at  the  rate 
of  209  bushels  to  the  acre,  and  the  nitrogen  plots  an  average 
yield  at  the  rate  of  219.3  bushels  per  acre. 

HI.  —  The  Relative  Value  of  Muriate  and  High-grade 
Sulfate  of  Potash. 

The  experiments  on  which  the  following  statements  con- 
cerning relative  value  are  leased  have  been  carried  out  on 
Field  B,  and  have  been  in  progress  since  1892.  The  potash 
salts  named  are  used  in  equal  quantities,  each  continuously 
upon  one-half  of  the  plots,  while  all  the  plots  have  received 
a  yearly  application  of  fine-ground  lione  at  the  rate  of  600 
pounds  per  acre  throughout  the  entire  period.  The  potash 
salts  were  used  yearly,  at  the  rate  of  400  pounds  per  acre,  from 
1892  to  1899.  During  the  past  year  they  have  been  applied 
at  the  rate  of  250  i:)ounds  per  acre.  Full  details  concerning 
these  experiments  will  be  found  in  recent  annual  reports. 

During  the  time  that  this  experiment  has  continued  the 
following  crops  have  been  grown  on  the  field  :  potatoes,  field 
corn,  sweet  corn,  grasses,  oats  and  vetch,  barley  and  vetch, 
winter  rye,  clovers  of  various  kinds,  sugar  beets,  soy  beans 
and  cabbages.  Crops  have  generally  been  good.  Among 
these  crops  the  potatoes,*  clovers,  cabbages  and  soy  beans 

*  Potatoes  have  been  grown  upon  our  grounds  under  conditions  making  it  possible 
to  compare  the  yield  of  sulfate  of  potash  with  that  of  muriate  of  potash  in  fourteen 
different  experiments ;  and  as  the  average  of  all  these  experiments,  if  we  represent 
the  yield  of  sulfate  of  potash  by  100,  that  of  muriate  is  represented  by  the  number 
94.1,  and  in  almost  all  instances  the  potatoes  on  the  sulfate  have  been  richer  in  starch 
and  of  better  eating  quality  than  those  raised  on  the  muriate. 
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have  with  very  few  exceptions  done  much  the  best  on  the 
sulfate  of  potash;  while  the  yield  of  corn,  grasses,  oats, 
barley,  vetches  and  sugar  l)cets  has  been  equally  good  on 
the  muriate.  The  quality  of  the  crops  of  potatoes  and  sugar 
beets  produced  by  the  sulfate  of  potash  plots  has  been  dis- 
-^  tinctly  better  than  that  of  the  crops  produced  on  muriate  of 
vpotash.  Taking  all  the  crops  except  the  clovers  into  con- 
sideration, if  we  represent  the  efficiency  of  the  high-grade 
sulfjite  of  potash  by  the  number  100,  that  of  the  nuiriato 
of  potash  is  98.1.  Taking  into  account  only  those  crops 
showing  the  preference  for  the  sulfate  of  potash,  and  repre- 
senting the  efficiency  of  that  salt  by  the  number  100,  the 
efficiency  of  the  muriate  of  potash  is  88.6.  The  present 
difference  in  price  between  the  two  salts  is  only  about  $5 
per  ton.  The  conclusion,  therefore,  appears  to  be  warranted, 
that,  under  conditions  similar  to  those  prevailing  in  this  ex- 
periment, the  selection  of  the  sulfate  rather  than  the  muriate 
is  wise. 

Further,  in  estimating  the  significance  of  our  results,  it 
should  be  kept  in  mind  that  the  continued  use  of  muriate  of 
potash  causes  the  loss  with  drainage  waters  of  large  amounts 
of  lime.  In  the  experiments  on  wliich  the  conclusions  above 
stated  are  leased  we  have  yearly  supplied  a  large  amount  of 
lime  in  the  l)one  meal  used,  and  accordingly  the  productive- 
ness of  the  field  even  where  the  muriate  of  potash  has  been 
used  has  been  fairly  well  maintained.  Results  on  other  fields 
on  our  farm  indicate  that  when  not  used  in  connection  with 
lime  the  nuiriate  of  potash  stands  much  lower  than  the  sulfate 
within  comparatively  few  years.  Whoever  under  ordinary 
conditions  uses  muriate  of  potash  continuously,  must  sooner 
or  later  lime  his  land ;  and  this  is  equally  true,  whether  the 
farmer  purchases  muriate  of  potash  and  applies  it  by  itself 
or  in  a  home-made  mixture,  or  if  it  is  the  source  of  the  pot- 
ash in  a  mixed  fertilizer  which  he  purchases.  In  deciding 
upon  the  purchase  of  any  of  the  ordinary  fertilizers  upon 
the  market,  it  is  important  to  inquire  whether  the  potash 
found  in  the  fertilizer  is  present  in  the  form  of  nuiriate  or 
in  the  form  of  sulfate ;  and,  other  things  being  equal,  the 
fertilizer  containing  its  potash  in  the  form  of  sulfate  should 
be  selected,  unless  the  soil  on  which  the  material  is  to  be 
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used  is  exceptionally  light.  The  soil  in  the  experiments  on 
Avhich  the  conclusions  here  presented  are  Ijased  is  a  medium 
loam.  On  a  lighter  soil  the  results  would  possibly  be  more 
favora1)le  to  the  muriate. 

As  has  Ijeen  stated,  the  yield  of  the  clovers  has  not  been 
taken  into  account  in  making  the  calculations  upon  which 
the  statements  concerning  the  relative  efficiency  of  the  two 
potash  salts  are  based.  The  reason  why  they  have  not  been 
so  taken  into  account  is  because  there  have  always  been 
more  or  less  weeds  produced  among  the  clovers,  and  these 
have  not  been  separated.  The  amount  of  weeds  has  natur- 
ally been  greater  in  proportion  as  the  clovers  have  been 
thinner  and  poorer.  The.  figures,  therefore,  showing  yields 
on  the  several  plots  in  the  form  of  hay,  including  the  weight 
of  the  dried  weeds  as  well  as  the  weights  of  the  dried 
clovers,  do  not  correctly  represent  the  effect  of  the  fertiliz- 
ers ;  accordingly,  these  figures  have  been  discarded.  There 
is,  however,  not  the  slightest  doubt  that  in  its  effects  upon 
the  growth  of  the  clovers  the  sulfate  of  potash  stands  dis- 
tinctly ahead  of  the  muriate.  In  some  years  and  upon  some 
plots  the  difference  has  been  very  large,  at  other  times  it  has 
been  smaller,  and  in  a  few  instances  the  weight  of  the  har- 
vested product  grown  on  muriate  of  potash  has  slightly 
exceeded  that  grown  on  the  sulfate.  It  is  without  hesita- 
tion, however,  that  farmers  are  advised  to  employ  sulfate  of 
potash  rather  than  the  muriate,  where  good  clover  crops  are 
desired,  particularly  unless  prepared  to  use  lime  as  well  as 
potash  salts  liberally.  If  lime  be  liberally  used,  as  indicated 
by  our  experiments  on  other  fields,  good  clover  can  be  grown 
on  muriate  of  potash  ;  but  the  combined  cost  of  the  lime  and 
muriate  will  in  most  cases  exceed  the  cost  of  the  sulfate. 

IV.— Field  C. 

A.  The  Relative  Value  of  Nitrate  of  Soda,  Sulfate  of 
Amtnonia  and  Dried  Blood  as  Sources  of  Nitrogen. 
The  experiments  upon  which  the  conclusions  now  pre- 
sented are  based  have  been  in  progress  since  1891,  each  of 
the  several  sources  of  nitrogen  being  applied  yearly  through- 
out the  entire  period  upon  the  same  plot.     The  crops  grown 
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during  this  series  of  years  have  included  spinach,  lettuce, 
onions,  garden  peas,  table  beets,  early  cabbages,  late  cab- 
l)ages,  potatoes,  tomatoes,  s(]uaslies,  turnips,  sweet  corn  and 
ccler}^  and  each  of  these  as  a  rule  has  been  grown  a  number 
of  years.  Up  to  1898,  chemical  fertilizers  alone  were  em- 
ployed in  these  experiments.  During  the  i)ast  three  years 
stable  manure  has  been  applied  in  equal  quantities  to  each 
of  the  plots,  while  the  chemical  fertilizers  have  been  used 
in  the  same  amounts  and  applied  to  the  same  plots  as  at  first. 
Taking  into  account  the  period  when  chemical  fertilizers  only 
were  used,  and  the  crops  (spinach,  lettuce,  onions,  table 
beets,  garden  peas- and  early  cabbages)  whose  period  of 
growth  is  the  comparatively  early  part  of  the  season,  we 
find  the  relative  efiicien(;y  of  the  dilierent  materials  used  as 
the  source  of  nitrogen  :  — 

Nitrate  of  soda, 100.0 

Dried  blood, 86.6 

Sulfate  of  ammonia, 83.6 

For  the  same  period,  and  taking  into  account  those  crops 
(tomatoes,  garden  beans  and  sweet  corn)  making  nuich  of 
their  growth  after  hot  w-eather  fairly  sets  in,  we  find  the 
relative  standing  as  follows  ;  — 

Nitrate  of  soda, 100.0 

Dried  blood,    .        .' 97.8 

Sulfate  of  ammonia, 103.5 

For  the  period  since  manure  has  been  ap[)lied,  and  taking 
into  account  the  early  crops  only  (spinach,  lettuce,  table 
beets,  onions,  garden  peas  and  potatoes),  the  relative  stand- 
ing is  :  — 

Nitrate  of  soda, 100.0 

Dried  blood, 88.8 

Sulfate  of  ammonia, 61.7 

For  the  same  period,  taking  into  account  the  aggregate 
yield  of  all  the  late  crops  (tomatoes,  calibages,  turnips, 
squashes  and  celery),  the  relative  standing  is  :  — 

Nitrate  of  soda, 100.0 

Dried  blood, 97.8 

Sulfate  of  ammonia, 91.9 
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With  one  exception,  it  will  ])c  seen  that  the  nitrate  of  soda 
here,  as  in  the  case  of  the  field  crops,  proves  the  most  effi- 
cient source  of  nitrogen.  Its  superiority  is,  however,  much 
more  marked,  as  should  be  expected,  because  it  is  immedi- 
ately available,  for  the  early  crops.  For  the  late  crops  in 
one  instance  during  the  earlier  years  of  the  experiment  the 
sulfate  of  ammonia  exceeded  the  nitrate  of  soda  in  efiiciency, 
but  during  the  later  years  of  the  experiment  it  has  stood  be- 
hind, even  for  these  crops.  It  should  be  stated,  further,  in 
comment  upon  these  results,  that  on  one-half  the  plots  in 
these  experiments  muriate  of  potash  is  used  in  connection 
with  the  various  nitrogen  manures.  The  combination  of  sul- 
fate of  ammonia  and  muriate  of  potash,  as  has  been  repeat- 
edly pointed  out  in  former  reports,  is  a  bad  one,  owing  to 
the  possible  formation  and  poisonous  influence  of  chloride 
of  ammonia.  It  should  be  further  pointed  out  that  this  field 
has  not  received  the  application  of  any  lime  throughout  the 
years  during  which  it  has  l)een  under  experiment.  The 
availability  of  the  sulfiite  of  ammonia  would  undoubtedly  ho 
increased  by  giving  this  soil  a  heavy  dressing  of  lime,  since 
the  presence  of  lime  promotes  those  changes  which  are  essen- 
tial to  convert  the  nitrogen  of  the  sulfate  of  annnonia  into 
nitrates,  which  are  the  most  readily  available  nitrogen  com- 
pounds. 

B.  Relative  Value  of  Sulfate  and  Muriate  of  Potash  for- 
Garden  Crojjs. 
The  period  during  which  the  experiments  upon  which  the 
conclusions  now  to  be  stated  are  based  and  the  crops  grown 
are  the  same  as  in  the  case  of  the  nitrogen  fertilizers  above 
discussed,  and  the  relative  standing  of  the  two  potash  salts 
is  shown  for  the  same  periods  and  crops. 

Before  Manure  luas  used,  — 1891-97. 


Early  Crops. 


Late  Crops. 


Sulfate  of  potash,   . 
Muriate  of  potash, 


100.0 
91.3 


100.0 
91.6 
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Afler  Manure  ivas  used, 

—  1S9S-1900. 

Early  Crops. 

Late  OropB, 

Sulfate  of  potash 

100.0 
86.1 

100.0 
98.8 

It  should  he  noted  that  the  inuriatc  of  potash  stands  much 
below  the  sulfate  for  all  the  })eriods,  its  inferiority  being  par- 
ticularly marked  in  the  case  of  the  early  crops.  Tliis  marked 
inferiority  in  the  latter  years  of  the  experiment  for  the  early 
crops  is  doubtless  in  considerable  measure  due  to  the  fact 
that  the  yields  of  such  crops  on  the  one  plot  where  the  muri- 
ate of  potash  and  sulfate  of  ammonia  are  used  together, 
which  has  always  been  exceedingly  small,  with  the  progress 
of  time  appear  to  l)e  growing  relatively  worse.  This  is 
doubtless  due  in  some  measure  to  the  fact  that  the  continued 
use  of  muriate  of  potash  has  caused  the  loss  of  considera])le 
lime,  —  an  effect  which  had  been  noted  and  re})orted  in  a 
number  of  previous  years. 

The  yields  on  the  muriate,  it  may  be  said  in  conclusion, 
could  undoul)tcdly  be  brought  much  nearer  those  on  the  sul- 
fate by  heavily  liming  the  field. 

V.  —  The  Relative  Value   of  Differext    Phosphates. 

(Field  F.) 

The  phosphates  under  comparison  in  this  experiment 
(which  was  begun  in  1890)  have  been  applied  on  the  basis 
of  equal  money's  worth,  the  idea  being  to  determine  whethei- 
it  is  more  profitable  to  employ  cheaper  natural  })lios]>halcs  or 
one  of  the  higher-priced  dissolved  phosphates.  The  plan 
of  the  experiment  has  l)een  outlined  in  })revious  reports. 
It  is  necessary  to  state  here,  for  clearness  only,  the  follow- 
ing points :  — 

The  phosphates  compared  on  the  l)asis  of  equal  money's 
worth  are  dissolved  bone-black,  ground  South  Carolina  rock, 
ground  Florida  rock,  IMona  guano  and  })h()sphatic  slag. 
These  phosphates  were  liberally  applied  during  four  years 
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(1890  to  1893,  inclusive).  Since  1893  no  phosphate  has 
been  applied  to  any  part  of  the  field.  All  plots  from  the 
beginning  were  liberally  manured  Avith  materials  furnishing 
nitrogen  and  potash,  and  this  manuring  has  continued  oji  an 
even  more  liberal  scale  since  1893.  The  amounts  of  phos- 
phoric acid  supplied  the  several  plots,  the  basis  being  equal 
money's  worth,  have  of  course  varied  widely.  They  are  as 
follows  :  — 


Plot  1,  phosphatic  slag,  .... 

Plot  2,  Mona  guano, 

Plot  3,  ground  Florida  rock  pliosjjhate, 

Plot  4,  ground  South  Carolina  rock  phosphate, 

Plot  5,  dissolved  bone-black, 


Pounds. 

96.72 

72.04 

165.70 

144.48 

49.36 


The  crop  this  year  was  cabbages,  variety,  Solid  Emperor. 
The  yield  is  shown  in  the  following  table  :  — 

Comparison  of  Different  Phosphates  —  Yield  of  Cabbages. 


PLOTS. 

Number  over 
2.25  Pounds. 

Weight 
(Pouude). 

Weight  of 
Balance  * 
(I'ouudB). 

PlotO 

3 

8 

95 

Plotl 

115 

330 

570 

Plot  2 

73 

250 

580 

Plots 

6 

10 

210 

Plot  4,  

111 

550 

950 

Plots, 

65 

260 

835 

Balance  includes  many  small,  hard  heads,  but  too  small  for  market. 


The  difl^erences  are  very  large,  the  ground  South  Carolina 
rock  standing  first,  the  phosphatic  slag  second,  the  Mona 
guano  third,  the  dissolved  bone-black  fourth  and  the  Florida 
phosphate  last.  The  no-phosphate  plot  produced  practically 
nothing.  The  plots  are  about  one-seventh  of  an  acre  in 
area,  and  no  plot  has  given  what  could  be  called  a  good 
crop.  Last  year  the  field  was  in  oats,  and  there  was  but 
little  difference  between  the  yields  of  the  different  plots. 
The  yield  on  all,  even  on  the  no-phosphate  plot,  was  good. 

In  1898  the  crop  on  this  field  was  corn,  and  the  yield  was 
good  upon  all  plots  except  the  no-phosphate  plot  and  the 
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Florida  phosphate  ph)t,  and  there  was  no  great  difference 
between  these  yields.  In  1897  the  crop  was  Swedish  tur- 
nips, and  the  relative  growth  on  the  different  plots  was 
about  the  same  as  this  year  in  cabbages,  the  no-phosphate, 
the  Florida  phosphate  and  the  dissolved  l)one-black  giving 
the  sinallesl  yields,  although  the  latter  was  not  very  much 
behind  the  balance  of  the  plots. 

Since  the  third  year  of  the  experiment  the  yields  on  the 
plots  to  which  phosphatic  slag,  INIona  guano  and  South  Car- 
olina rock  phosphate  have  been  applied  have  been  substan- 
tially the  same  as  on  the  dissolved  bone-black  plot,  with  the 
exception  of  the  turnips  and  the  cabbages,  where  the  yields 
of  these  plots  have  been  considerably  greater  than  on  the 
dissolved  bone-black.  All  the  crops  grown  upon  the  field, 
with  the  exception  of  the  turnips  and  the  cal)l)ages,  have 
given  fairly  good  yields.  The  oat  crop  of  last  year  was  at 
the  rate  of  about  40  bushels  per  acre  ;  but  even  the  no-phos- 
phate plot  gave  practically  the  same  yield  as  any  of  the 
others,  so  that  the  results  wath  that  crop  really  aflbrd  no  light 
upon  the  particular  question  touched  Ijy  this  experiment. 
Taking  into  account  all  the  crops  which  have  been  grown 
upon  this  field,  except  the  Swedish  turnips,  which  w^ere 
afiected  by  disease  not  apparently  due  to  the  fertilizer  which 
had  been  used  on  a  portion  of  the  plots,  and  the  yields  of 
which,  therefore,  as  expressed  in  figures,  would  be  mislead- 
ing, and  representing  the  aggregate  yield  which  stands  high- 
est by  100,  the  efficiency  of  the  difiereut  phosphates  is  as 
follows  :  — 

Per  Cent. 

Phospliatic  slag, 100.0 

Ground  South  Carolina  rock, 92.3 

Dissolved  l)one-l)lack, 90.7 

Mona  g'uano, 88.3 

Florida  phosphate, 71.5 

There  was  at  first  no  no-phosphate  plot  used  in  this  experi- 
ment, but  we  have  had  a  no-phosphate  plot  since  1895. 
Taking  into  account  the  yields  of  the  several  jdots  since 
1895,  and  exce})ting  the  Swedish  furuips,  which  were  grown 
in  1897,  for  reasons  above  slated,  the  phosphates  have  the 
following  relative  rank  :  — 
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Per  Cent. 

South  Carolina  rock  phosphate, 100.0 

Phosjihatic  slag, 99 . 0 

Dissolved  bone-black, 97.7 

Mona  guano,      . 95.4 

Florida  lihosphate, 64.2 

No-phosphate, 55.4 

The  crops  which  have  been  raised  on  the  fiekl  in  the  order 
of  their  succession  are  as  follows  :  potatoes,  wheat,  serra- 
della,  corn,  barley,  rye,  soy  beans,  Swedish  turnips,  corn, 
oats  and  cabbages.  All  the  plots  in  the  field  received  an 
application  of  lime  at  the  rate  of  one  ton  to  the  acre  of  quick- 
lime, slaked,  spread  after  ploughing  and  deeply  worked  in 
with  a  harrow  in  the  spring  of  1898. 

This  statement  of  the  conditions  of  the  experiment  and  of 
the  relative  yields  on  the  different  plots  should  perhaps  l)e 
further  supplemented  by  the  statement  that,  supposing  the 
crops  harvested  to  have  been  of  average  composition  and 
that  there  has  been  no  waste,  there  would  remain  of  the  total 
phosphoric  acid  applied  to  the  several  plots  the  following 
amounts  in  each  :  — 

Pounds. 

The  phosphatic  slag  plot, 63.6 

Mona  guano, 29.7 

Florida  phosphate, 132.4 

South  Carolina  rock  phosphate, 102.0 

Dissolved  bone-black, 9.5 

The  following  conclusions  appear  to  be  justified  by  the 
results  which  we  have  obtained  :  — 

1.  It  is  possible  to  produce  profitable  crops  of  most  kinds 
by  liberal  use  of  natural  phosphates,  and  in  a  long  series  of 
years  there  might  be  a  considerable  money  saving  in  depend- 
ing, at  least  in  part,  upon  these  rather  than  upon  the  higher- 
priced  dissolved  phosphates. 

2.  None  of  these  natural  phosphates  appear  to  be  suited 
to  crops  belonging  to  the  turnip  or  calibage  fiimily ;  but 
whether  it  is  because  these  crops  require  the  presence  of 
an  unusually  large  amount  of  solul)lo  phosphoric  acid,  or 
whether  it  is  because  of  some  other  effect  of  the  dissolved 
phosphates,  our  experiments  do  not  enable  us  to  say.  While 
we  have  obtained  much  the  largest  crops  of  turnips  and  cab- 
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bages  on  the  natural  })hosphatc.s,  the  yields  have  not  heen 
what  could  be  considered  good. 

3.  Between  ground  South  Carolina  rock,  Mona  guano  and 
the  phosphatic  slag  there  is  no  considerable  ditference  in  the 
economic  result. 

4.  The  Florida  phosphate,  though  used  in  amounts  fur- 
nishing mucli  more  })]iosphoric  acid  Ihan  is  furnished  by 
either  of  the  otliors,  stands  far  behind  them  in  yield,  and 
would  appear,  therefore,  to  be  rendered  available  only  with 
extreme  slowness. 

In  conclusion,  it  may  be  doubted  whether,  under  the  con- 
ditions prevailing  in  ordinary  farm  or  garden  practice,  it 
would  be  wise  to  depend  exclusively  upon  the  natural  phos- 
phates. The  l)est  practice  will  probably  be  found  to  consist 
in  using  one  of  these  in  part,  and  in  connection  with  it  a 
moderate  quantity  of  one  of  the  dissolved  phosphates. 

VI.  —  Comparison  of  Phosphates  on  the  Basis  of  Equal 
Appi.icatiox  of  Phosphoric  Acid. 

The  phos])hatcs  under  comparison  on  this  basis  include 
apatite.  South  Carolina  rock  phosphate,  Florida  soft  phos- 
phate, i)hosphatic  slag,  Xavassa  phosphate,  dissolved  bone- 
black,  raw  bone,  dissolved  bone,  steamed  bone  and  acid 
phosphate.  The  experiments  have  been  in  progress  three 
years,  each  phosphate  being  applied  yearly  to  the  same  plot. 
There  are  three  no-phosphate  plots,  which  serve  as  a  basis  for 
comparison.     The  plots  are  one-eighth  of  an  acre  each  in  area. 

During  the  past  year  two  crops  have  been  grown  upon 
this  field :  oats,  which  were  cut  and  made  into  hay ;  and 
Hungarian  grass,  also  made  into  hay.  The  yields  have  been 
large  on  all  plots,  varying  from  a  little  less  than  4  tons  per 
acre  for  the  two  crops  on  the  poorest  no-phosphate  plot  to 
rather  over  5  tons  per  acre  for  the  two  crops  on  the  dissolved 
bone-black  which  gave  the  largest  yield.  The  only  points 
to  which  it  seems  desirable  to  call  attention  are  the  follow- 
ing :  — 

1.  The  phosphatic  slag  evidently  furnished  phosphoric 
acid  in  an  exceedingly  availal)lc  form,  the  yield  this  year 
being  almost  equal  to  thai  on  Ilu>  dissolved  bone-black. 
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2.  The  Florida  soft  phosphate  is  apparently  a  very  inferior 
material,  the  phosphoric  acid  evidently  becoming  available 
only  with  great  slowness. 

3.  Steamed  bone  meal  appears  to  be  inferior  in  availability 
to  raw  bone  meal. 

Soil  Tests. 

During  the  past  season  two  soil  tests  have  been  carried 
out  upon  our  own  grounds,  both  in  continuation  of  previous 
Avork  upon  the  same  grounds.  The  same  kinds  of  fertilizers 
have  been  applied  to  each  plot  and  in  the  same  amounts  as 
last  year.  The  fertilizers  in  these  experiments  are  used  in 
accordance  with  the  co-operative  plan  for  soil  tests  adopted 
in  Washington  in  1899.  Each  fertilizer  wherever  employed 
is  always  applied  at  the  following  rates  per  acre  :  — 

Nitrate  of  soda,    .        .  160  pounds,  furnishing  nitrogen. 
Dissolved  bone-black,  .  320  pounds,  furnishing  phosphoric  acid. 
Muriate  of  potash,       .  160  pounds,  furnishing  potash. 
Land  plaster,        .        .  400  pounds. 
Lime,    ....  400  pounds. 
Manure,        ...      5  cords. 

Soil  Test  with  Grass  ( South  Acre) . 
The  past  is  the  twelfth  season  that  the  experiment  on  this 
field  has  been  in  progress.  The  field  has  been  cropped  in 
successive  years  as  follows  :  corn,  corn,  oats,  grass  and  clover, 
grass  and  clover,  corn  followed  by  mustard  as  a  catch-crop, 
rye,  soy  beans,  white  mustard,  corn,  corn,  and  this  year  grass 
and  clover  seeded  in  early  spring.  During  all  this  time  four 
of  the  fourteen  plots  into  which  the  field  is  divided  have 
received  neither  manure  nor  fertilizer.  Three  plots  have 
yearly  received  a  single  important  manurial  element,  nitro- 
gen, phosphoric  acid  or  potash,  every  year  the  same  ;  three 
have  received  each  year  two  of  these  elements ;  one  has  re- 
ceived all  three  yearly ;  and  one  each  has  received,  yearly, 
lime,  plaster  or  manure.  The  larger  part  of  the  field  accord- 
ingly has  remained  either  entirely  unmanured  or  has  had  but 
a  partial  manuring,  and  the  degree  of  exhaustion  of  most  of 
the  plots  is  considerable.  The  four  nothing  plots  this  year 
produced  an  average  at  the  rate  of  930  pounds  of  hay  per 
acre.  The  following  table  shows  the  rate  of  yield  of  the 
several  plots  :  — 
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Effect  of  the  Fertilizers. 
Hay  (South  Acre  Soil  Test,  1900). 


FERTILIZERS  USED. 


Yield  per 

Acre 
(Pounds). 


Gain  or  Loss  per 

Acre,  compared 

with  Nothing 

Plots  (Pounds). 


Plot   1,  nitrate  of  soda, 

Plot   2,  dissolved  boue-ldack 

Plot    3,  notliing 

Plot   4,  muriate  of  potash 

I'lot    :'),  lime, 

Plot   (),  nothing, 

Plot    7,  manure,.         ......... 

Plot    8,  nitrate  of  soda  and  dissolved  bone-ldack, . 

Plot    0,  nothing, 

Plot  10,  nitrate  of  soda  and  muriate  of  potash, 

Plot  11,  dissolved  boue-black  and  muriate  of  potash,     . 

I'lot  12,  n(Jthing, . 

Plot  13,  plaster,  

Plot  14,  nitrate  of  Boda,  dissolved  bone-black  and  muriate 
of  potash. 


2,460 
1,000 

800 
1,140 

880 

720 
4,1«0 
2,r)40 
1,100 
3,000 
1,600 
1,100 

900 
2,300 


1,660.00 
200.00 


366.67 
133.33 


3,440.00 
1,440.00 


1,900.00 
600.00 


—200.00 
1,200.00 


The  effect  of  each  of  the  three  elements  of  plant  food, 
nitrogen,  phosphoric  acid  and  potash,  is  more  clearly  1)rouglit 
out  in  the  tables  below  :  — 


Results  of  the 

Addition  of  Nitrogen 

to  — 

Nothing. 

Phosphoric      M^'-*''*^ 

Phosphoric 
Acid  and 
Potash. 

Average 
Result. 

Hay  (pounds  per  acre) , 

1,660 

1,240 

1,533.33 

700 

1,283.33 

Value  of  net  average  increment, $10  27 

Financial  result  (gain) 7  07 


Results  of  the  Addition  of  Phosphoric  Acid  to  — 

Nothing. 

Nitrate  of 
Soda. 

Muriiite         Nitrate 

of                 and 
Potash.          Potash. 

Average 
Result. 

Hay  (pounds  per  acre), 

200 

—220 

133.33 

—TOO 

—146.67 

Value  of  net  average  decrease $1  17 

Financial  result  (loss), 4  37 


Results  of  the  Addition  of  Potash  to  — 

Nothing. 

Nitrate  of 
Boda. 

■"S''°  SSf,""|  fsr 

Hay  (pounds  per  acre) , 

360.67 

240 

300 

—240 

166.67 

Value  of  net  average  increment, 
Financial  result  (loss),    . 


$1  33 
1  87 
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Results  op  the  Addition  to  Nothing  op  — 

Complete 
Fertilizer. 

Mauure. 

Plaster. 

Lime. 

Hay  (pounds  per  acre), 

Value  of  iucreinent, 

Value  of  decrease, 

Fiuancial  result 

1,200 
$9  60 

No  gain  or  Iobb. 

3,440 

$27  52 

2  52  gain. 

-200 

$1  90 
3  40  loss. 

133.33 

SI  07 

0.13  lOBB. 

These  results  require  little  comment.  A  study  of  the 
figures  shows  that  it  is  the  nitrate  of  soda  chiefly  which 
causes  an  increase  in  the  crop.  Alone  and  in  every  combi- 
nation it  gives  a  large  increase.  It  should  be  remembered, 
in  estimating  the  significance  of  these  figures,  that  the  field 
was  seeded  last  spring,  and  that  accordingly  the  crop  was 
comparatively  small.  The  efiect  of  the  fertilizers  will  un- 
doubtedly become  more  pronounced  another  season,  when 
both  grass  and  clover  are  fully  estalilished.  It  is  esj^eciaJhj 
noteworthy  that  nitrate  of  soda  alone  a-p2)lied  to  a  jjlot  which 
has  now  received  no  other  fertilizer  for  twelve  years  gives  a 
crop  of  hay  amounting  to  almost  13/4  tons.  This  plot  last 
year  gave  a  crop  of  corn  at  the  rate  of  something  less  than  14 
bushels p)er  acre.  Tlie plot  to  which  muriate  of  piotash  alone 
has  been  applied  during  the  past  twelve  years  gave  7is  last 
year  a  yield  of  corn  at  the  rate  of  nearly  50  bushels  jjer  acre. 
The  hay  crop  this  year  is  1,140  p)ounds.  These  comparisons, 
bringing  out  the  difiering  effects  of  the  same  fertilizer  on  the 
same  field  for  difierent  crops,  and  still  other  comparisons 
which  might  be  made,  illustrate  in  a  striking  manner  the  fact 
that  the  selection  of  fertilizers  for  our  average  soils  should 
be  made  chiefly  with  reference  to  the  crop. 

All  plots  in  this  field  were  evenly  seeded  with  a  mixture 
of  grass  and  clover  seeds,  sown  crosswise,  to  insure  even 
seeding  of  all  plots.  Both  grass  and  clover  seeds  came  up 
well,  and  the  clover  was  thick  at  the  start  on  all  plots.  At 
the  present  time  there  is  practically  no  clover  on  any  of 
the  plots  except  the  four  to  Avhicli  potash  has  been  applied 
and  the  one  to  which  manure  has  been  yearly  applied. 


Soil  Test  with  Onions  (^JSTorth  Acre) . 
This  experiment  is  upon  the  land  occupied  last  year  in  a 
similar  soil  test  with  onions.     The  field  has  been  employed 
in  soil  test  work  for  eleven  years,  the  several  plots  having 
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been  every  year  manured  alike,  as  described  under  soil  test 
with  grass.  The  previous  crops  in  the  order  of  rotation 
have  been  potatoes,  corn,  soy  l)eans,  oats,  grass  and  clover, 
grass  and  clover,  cabbages  and  ruta-baga  turni[)s,  potatoes, 
onions,  and  onions.  It  will  be  renienibcred  that  the  west 
half  of  each  plot  was  limed  in  the  spring  of  1899  at  the  rate 
of  1  ton  per  acre  of  quicklime,  slaked,  and  inuncdiately 
s[)read  and  harrowed  in.  The  fertilizers  were  cmi)loycd  this 
year  in  the  same  (|uantities  as  last,  viz.  :  — 

Pounds. 

Nitrate  of  soda  (per  acre), 320 

Dissolved  bone-blaek  (per  acre), (3iO 

Muriate  of  potash  (per  acre),      .        .        .        .        .        •     320 

The  seed  was  sown  at  the  rate  of  5  pounds  per  acre.  The 
variety  was  Dan  vers'  Yellow  Glolje.  Germination  was 
prompt  and  perfect,  but  many  of  the  plants  upon  the  nothing 
plots  and  upon  the  unlimed  portion  of  the  plots  receiving 
respectively  muriate  of  potash,  nitrate  of  soda,  nitrate  of 
soda  and  muriate  of  potash,  and  dissolved  bone-black  and 
muriate  of  potash,  soon  died  ;  while  such  plants  as  sur^dved 
upon  these  plots  made  but  very  little  growth.  The  follow- 
ing tables  give  the  results  of  the  harvest :  — 


Effect  of  the  Fertilizers. 
Onions  {North  Acre  Soil  Test,  1900). 


FERTILIZERS  USED. 


Nothing 

Nitrate  of  Boda,    .... 
Dissolved  bone-black, 

Nothing, 

Muriate  of  potash, 

Nitrate  of  soda  and  dissolved 

bone-black. 
Nitrate  of  soda  and  muriate  of 

potash. 
Nothing, 

Dissolved  bone-black  and  muri- 
ate of  potash. 

Nitrate  of  soda,  dissolved  bone- 
black  aud  muriate  of  potash. 

Plaster, 

Nothing 


Yield  per  Acre  of 

scallions  and  t0p3 

(Pounds). 

Unlimed. 

Limed. 

460 

1,600 

3,100 

1,780 

1,160 

880 

3,460 

2,080 

3,200 

3,400 

1,720 

760 

1,100 

4,520 

4,240 

3,160 

5,320 

1,720 

5,600 

1,520 

1,760 

1,960 

2,660 

4,320 

Gain  or  Loss  per  Acre, 

compared  with  notiiinq 

Plots  (Pounds). 


Unlimed. 


1,640 
-1,300 

— 455 
-2,130 
-2,945 

1,500 

2,200 

-1.220 


Limed. 

20 
—1,040 

1,050 

—1,860 

1,630 

—1,980 
—2,220 
—2,070 
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0ni07is  {North  Acre  Soil  Test,  1900). 


FERTILIZERS   USED. 

Yield  per  Acre  or 

Well-cured  Onions 

(Bushels). 

Gain  or  Loss  per  Acre, 

compared  with  nothing 

Plots  (Bushels). 

o 

Unlimed. 

Limed. 

Unlimed. 

Limed. 

1 

Nothing, 

6.15 

41.54 

- 

- 

2 

Nitrate  of  soda 

60.00 

155.00 

21.67 

83.21 

8 

DiBHoIved  bone-black, 

17.31 

37.69 

—33.20 

—64.36 

4 

Nothing 

72.69 

132.31 

- 

- 

5 

Muriate  of  potash. 

37.69 

383.46 

—26.45 

257.31 

6 
7 

8 

Nitrate  of  soda  and   dissolved 

bone-black. 
Nitrate  of  soda  and  muriate  of 

potash. 
Nothing 

225.77 
9.23 
38.46 

202.31 
310.77 

107.69 

170.20 

—37.80 

82.31 
196.93 

0 

10 
11 

Dissolved  bone-black  and  muri- 
ate of  potash. 

Nitrate  of  soda,  di.^solved  bone- 
black  and  muriate  of  potash. 

Plaster 

159.62 

136.92 

4.62 

380.00 

488.46 

23.08 

124.91 

105.96 

—22.59 

273.66 
383.46 

-80.57 

12 

Nothing 

23.46 

102.31 

- 

- 

Results  of  the  Addition  of  Nitrogen  to  — 


Nothing. 


Phosphoric 
Acid. 


Muriate 

of 
Potash. 


Phosphoric 
Acid  and 
Potash. 


Average 
Result. 


Scallions,  unlimed  (pounds), 
Bcallions,  limed  (pounds), . 
Onions,  unlimed  (bushels). 
Onions,  limed  (bushels),    . 


1,640 
20 

21.67 
83.21 


—830 

—820 
203.40 
146.67 


—2,490 
580 
-11.35 
—60.38 


700 
-240 
—18.95 

109.80 


-245 
—115 
48.69 


Value  of  net  average  increment:  unlimed,  $12.66;  limed,  §18.16. 
Financial  result:  unlimed,  $6.20  gain;  limed,  $11.76  gain. 


Results  of  the  Addition  of  Phosphoric  Acid  to  — 

Nothing. 

Nitrate  of 
Soda. 

Muriate 

of 
Potash. 

Nitrate  and 

Muriate  of 

Potash. 

Average 
Result. 

Scallions,  unlimed  (pounds), 
Scallions,  limed  (pounds)   . 
Onions,  unlimed  (bushels). 
Onions,  limed  (bushels),    . 

—1,300 

—1,040 
—33.20 
—64.36 

—3,770 
—1,880 
143.53 
—.90 

1,955 
—3,030 
151.36 
16.35 

5,145 
—3,850 
143.76 
186.53 

507.50 

-2,450.00 

102.61 

34.41 

Value  of  net  average  increment :  unlimed,  $26.68 ;  limed,  $8.95. 
Financial  result:  unlimed,  $20.28  gain;  limed,  $2.55  gain. 
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Results  of  the  Addition  ok  I'otash  to  — 


Nothing. 


Nitrate  of 
Soda. 


I'liosphoric 
Acid. 


Nitrate  and 

Phosphoric 

Acid. 


Average 
liemilt. 


Scalllons,  unlimed  (pounds), 
Scullions,  limed  (pounds), . 
Onions,  unllmcd  (liushels), 
Onions,  limed  (bushels),    . 


—455 

1,050 
—26.45 
257.31 


-4,585 
1,610 
—59.47 
113.72 


2,800 

—940 
158.11 
338.02 


4,330 
—360 
—64.24 
301.15 


522.50 

340.00 

1.99 

252.55 


Value  of  net  average  increment:  unlimed,  $0.52;  limed,  $65. 
Financial  result:  unlimed,  $5.88  loss;  limed,  $59.26  gain. 


Results  of  tiik  Addition  to  Nothing  of  — 

COMPLETE   FERTILIZER. 

LAND  PLASTER. 

Unlimed. 

Limed. 

Unlimed. 

Limed . 

Onions  (bushels  per  acre), 
Value  of  net  increment,     . 

Value  of  decrease 

Financial  result 

105.96 

$27  55 

8  35  gain. 

383.46 
$99  70 

80  10  gain. 

—22.59 

$5  87 
9  47  loss. 

—80.57 

$20  95 
24  55  loss. 

The  yield  upon  the  limed  portion  of  many  of  the  j^lots 
this  year  is,  as  was  anticipated,  much  l)ettcr  than  last  year, 
although  the  tops  on  all  parts  of  the  field  were  somewhat 
prematurely  killed  hy  l^light.  The  heavy  application  of  lime 
made  in  that  year  appears  to  have  corrected  in  large  meas- 
ure the  faulty  soil  conditions.  We  have  this  year  a  crop  at 
the  rate  of  nearly  500  bushels  to  the  acre  of  well-cured  onions 
upon  the  limed  half  of  the  plot y  which  has  been  yearly  manured 
with  nitrate  of  soda^  dissolved  bone-blach  and  muriate  of  pot- 
ash; while  on  the  unlimed  portion  of  the  sa^ne  plot  ive  have  a 
yield  of  13G.9  bushels  to  the  acre.  The  lime  has  evidently 
proved  highly  beneficial. 

Particular  attention  is  called  to  the  fact  that  we  nowhere 
obtained  a  fairly  good  crop  except  iipon  those  jjlots  to  which 
2)otash  has  been  yearly  supplied.  The  limed  p)ortion  of  the 
plot,  which  has  yearly  been  manured  with  muriate  of  potash 
alone,  gives  a  yield  at  the  rate  of  383  bushels  to  the  acre; 
the  nitrate  of  soda  and  the  potash  give  a  yield  at  the  rate  of 
about  311  bushels;  the  dissolved  bone-black  and  potash,  a 
yield  at  the  rate  of  380  busjiels.  These  figures  make  it  j^er- 
fectly  evident  that  potash  is  an  exceedingly  important  manure 
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for  the  onion  crop.  Its  effects  far  exceed  those  of  either  of 
the  other  elements. 

Our  results  niake  it  equally  evident  that  the  continuous  use 
of  muriate  of  potash  makes  the  employment  of  lime  an  abso- 
lute necessity.  The  combined  cost  of  the  muriate  of  potash 
and  the  lime  necessarily  used  with  it  is  likely  to  be  greater 
(lian  would  be  the  cost  of  some  other  source  of  potash. 

TlKit  the  nitrate  of  soda  as  well  as  the  muriate  of  potash 
has  proven  in  some  degree  iiijarious  when  used  without  lime 
is  made  equally  evident  hi/  our  results,  for  the  yield  on  the 
combined  nitrate  of  soda  and  muriate  of  potash  without  lime 
is  much  inferior  to  the  yield  on  the  muriate  alone  loithout 
lime.     It  is,  indeed,  almost  the  poorest  in  the  field. 

Especial  attention  is  called  to  the  fact,  tvhich  was  very  evi- 
dent on  all  tJie  2>lots  lohere  it  7oas  used,  that  dissolved  bone- 
black  greatly  iwomoted  the  perfect  ripening  of  the  crop.  By 
far  the  best  ripened  croj)  on  the  nnlimed  jwrtion  of  the  field 
was  the  crop  produced  by  nitrate  of  soda  and  dissolved  bone- 
black.  -Any  other  dissolved  p)hosphaie  tvould  undoubtedly 
have  a  si7nilar  effect. 

Attention  is  called,  further,  to  the  fact  that  the  dissolved 
bone-l^lack  in  large  measure  corrects  the  injurious  effects  fol- 
lowing the  use  of  muriate  of  potash.  This  is  made  espe- 
cially evident  by  the  comparison  between  the  yields  where 
dissolved  bone-black  was  used  together  with  nitrate  of  soda 
and  muriate  of  potash  and  where  the  last  two  fertilizers  were 
used  alone.  Where  they  were  used  alone,  the  crop,  as  has 
already  been  pointed  out,  was  almost  the  poorest  in  the  field, 
a  large  share  of  the  plants  dying  at  a  very  early  stage  in 
their  growth  ;  while  where  the  dissolved  l)one-black  was  used 
together  with  these  fertilizers  a  moderate  crop  was  the  re- 
sult. It  becomes  evident,  therefore,  that  where  fertilizers 
containing  a  liberal  amount  of  some  dissolved  phosphate  are 
employed,  liming  is  less  necessary  than  where  such  phos- 
phates are  not  employed.  That  this  should  be  so  is  not 
strange,  since  all  dissolved  phosphates  contain  a  large  amount 
of  sulfate  of  lime  (land  plaster),  which,  if  used  in  large 
quantities,  produces  many  of  the  effects  ordinarily  following 
the  use  of  lime. 
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Practical  Advice  on  Fertilizers  for  Onions. 
Although  further  invcsti<iatii)us  arc  called  for  coucerning 
the    many    (jucstions    connected    with    using    fertilizers    for 
onions,  it  is  believed  that  the  results  thus  far  obtained  justify 
the  following  advice  :  —  ' 

1.  iNIixed  fertilizers  which  are  to  be  used  for  the  culture 
of  onions  where  nothing  else  is  employed  should  contain 
about  3  to  4  per  cent,  nitrogen,  5  to  6  per  cent,  available 
phosphoric  acid  and  8  to  10  per  cent.  })otasli.  It  is  believed 
that  the  nitrogen  of  such  fertilizers  should  ])e  derived  in 
about  equal  proportions  from  nitrate  of  soda,  dried  blood  and 
dry  ground  fish  or  tankage.  It  is  further  l)elieved  that  the 
source  of  i)otash  should  be  either  the  sulfate  or  carbonate. 
Such  a  fertilizer  might  be  required  in  amounts  varying  from 
1  to  13/2  tons. 

2.  If  a  home  mixture  of  materials  is  to  be  made,  it  is  be- 
lieved that  it  should  supply  60  pounds  of  nitrogen,  from  90 
to  100  pounds  of  phosphoric  acid  and  100  to  200  pounds  of 
potash  per  acre.  It  is  believed,  further,  that  the  nitrogen, 
as  stated  above,  should  be  derived  in  part  from  nitrate  of 
soda  and  in  part  from  animal  materials.  It  is  believed  that 
the  phosphoric  acid  should  be  derived  mainly  from  acid 
phosphate  or  dissolved  bone-black,  and  that  for  potash  either 
the  high  or  low  grade  sulphate  or  the  carbonate  of  potash- 
magnesia  should  be  employed.  As  an  illustration  of  a  mixt- 
ure w'liich  it  is  believed  will  suit  average  conditions,  the  fol- 
lowing list  of  materials  is  given  :  — 

Pounds. 

Nitrate  of  soda, 200 

Dried  blood, 250 

Dry  ground  fish  or  tankage, 200 

Acid  phosphate, 700 

For  potash,  either  oi'  the  following :  — 

High-grade  sulfate, 350 

Low-grade  sulfate, 700 

Carbonate  of  potash-magnesia, 950 

These  materials  should  be  mixed  just  before  use,  spread 
after  i)loughing  and  harrowed  in. 
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3.  It  is  suggested,  the  suggestion  being  based  upon  our 
observations,  that  in  case  the  onions  do  not  ripen  well,  and 
where  the  proportion  of  scallions  is  large,  the  application  of 
lime  be  tried,  or  the  pro[)ortion  of  acid  phosphate  increased. 
If  lime  is  to  be  used,  it  is  recommended  that  about  1  ton  of 
quicklime  per  acre  be  applied.  This  should  be  slaked  with 
water,  spread  after  ploughing,  and  deeply  worked  in  Avith 
wheel  harrow.  The  best  season  is  autumn  or  very  early 
spring. 

"  Special  "   Corn   Fertilizer   v.    Fertilizer   richer   in 

Potash. 

The  experiments  upon  which  it  is  now  proposed  to  com- 
ment have  for  their  object  the  efibrt  to  determine  the  most 
profitable  combination  of  fertilizers  to  be  used  for  the  growth 
of  corn.  The  })lan  of  the  experiment  and  the  results  up  to 
the  close  of  last  season  are  given  in  full  in  our  last  annual 
report. 

Results  in  recent  years  had  led  to  the  conclusion  that  this 
field  might  be  benefited  by  liming.  It  accordingly  received 
an  application  at  the  rate  of  1  ton  of  air-slaked  lime,  applied 
May  14  and  thoroughly  worked  in.  The  kinds  and  amounts 
of  fertilizers  used  during  the  past  season  have  been  some- 
what changed.  To  two  of  the  plots  (1  and  3)  in  the  field 
we  have  applied  materials  supplying  the  same  quantity  of 
nitrogen,  phosphoric  acid  and  potash  as  would  be  furnished 
by  the  use  of  1,800  pounds  of  fertilizer,  having  the  average 
composition  of  the  "  special"  corn  fertilizers  analyzed  at  this 
experiment  station  in  1899.     This  average  is  as  follows:  — 

Per  Cent. 

Nitrogen,  .         .         .         , 2.37 

Phosphoric  acid, 10.00 

Potash, 4.30 

The  fertilizers  analyzed  varied  widely  in  composition,  the 
range  for  each  of  the  elements  being  shown  by  the  follow- 
ing: — 

Per  Cent. 

Nitrogen, 1.5-  3.7 

Phosphoric  acid, 9.0-13.0 

Potash, 1.5-  9,5 
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The  other  plots  in  the  lie  Id  received  aii  application  of 
materials  practically  the  same  in  kind  and  quantity  as  have 
been  recommended  in  Bulletin  No.  58  for  corn  on  soils  poor 
in  organic  matter.  The  principal  difference  between  the 
manuring  of  these  plots  and  the  others  is  that  they  receive 
slightly  more  nitrogen,  nuich  less  phos})horic  acid  and  con- 
sidera])ly  more  })otash.  The  materials  supplied  to  the  sev- 
eral plots  are  shown  in  the  following  table  :  — 


FERTILIZERS   USED. 

Nitrate  of  eoda 

Dried  blood 

Dry  ground  fish, 

Acid  phosphate, 

Muriate  of  potash, 


Plots  1  and  3 
(Pounds  Each). 


Plots  2  and  4 
(Pounds  Each). 


30.0 
30.0 
37.5 
273.0 
37.5 


50.0 

50.0 
50.0 
62.5 


The  variety  of  corn  grown  this  year  was  Sibley's  Pride  of 
the  North.  The  growth  was  vigorous  and  healthy,  and  un- 
affected, so  far  as  could  be  seen,  by  any  abnormal  conditions. 
The  yields  were  as  follows  :  — 

Yield  of  Com,  1900. 


PLOTS. 

Ears                         Stover 
(Pounds).                (Pounds). 

Plot  1  (lesser  potash) 

Plot  2  (richer  in  potash) 

Plot  3  (lesser  potash),     .        .        „        .       .        •♦     • 
Plot  4  (richer  in  potash) 

1,510 
1,435 
1,590 
1,515 

1,460 
1,540 
1,675 
1,600 

Average  Yield  per  Acre. 


PLOTS. 


Shelled  Grain 
(Bushels) . 


Plots  1  and  3, 
Plots  2  and  4, 


77.60 
73.75 


Stover 
(Pounds). 


6,270 
6,280 


It  will  be  noticed  that  the  yield  of  grain  on  the  "special" 
fertilizer  exceeds  that  on  the  fertilizer  richer  in  potash,  the 
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difference  being  at  the  rate  of  3.8  Imshels  per  acre;  the  fer- 
tilizer richer  iu  potash  gave  shghtly  more  stover.  The  dif- 
ference in  cost  of  the  fertilizers  applied  on  the  two  sets  of 
plots  is  at  the  rate  of  a  little  more  than  $4  per  acre.  This 
is  the  apparent  cost  of  the  3.8  bushels  of  corn,  I  say  appar- 
ent, for  the  following  reason  :  the  field  was  seeded  to  mixed 
grass  and  clover  the  latter  part  of  July,  and  at  the  present 
time  the  condition  of  plots  2  and  4,  which  received  the  fer- 
tilizer richer  in  potash,  indicates  a  nuicli  heavier  growth  of 
clover  next  season  than  on  the  other  })l()ts. 

It  is  believed  that  when  this  field  is  once  more  broken  up 
and  })ut  into  corn  the  yields  of  plots  2  and  4  will  stand  rela- 
tively l)etter. 

In  conclusion,  atlcnlion  is  called  to  the  fact  that  the  results 
on  this  field  J'urnish  important  li<jJd  upon  the  prohlem.  as  to 
whether  corn  can  he  successfuUij  gro^on  on  fertilizers  alone. 
The  j^i'eseid  is  the  tenth  year  since  this  field  has  been  under 
experiment,  and  throughout  this  time  fertilizers  only,  and  in 
very  moderate  quantities,  have  been  employed.  The  result 
this  year  on  the  plots  richer  in  potasJi  is  a  crop)  at  tlie  rate  of 
about  74  bushels  of  sound  corn  and  of  3  tons  of  stover  p)er 
acre,  and  a  magnificent  catch  of  grass  and  clover.  The  cost 
of  the  fertilizers  employed  this  year  on  these  plots  is  at  the 
rate  of  $13.50  per  acre,  not  including  the  lime.  One  ton  of 
the  latter  was  put  on  this  year,  but  such  application  will  not 
be  required  oftener  than  once  in  six  or  seven  years. 

Manure  alone  v.  Manure  and  Potash. 
This  experiment,  Avhich  was  intended  to  illustrate  the  rel- 
ative value  in  crop  production  of  an  average  application  of 
manure,  as  compared  with  a  smaller  application  of  manure 
used  in  connection  with  some  form  of  potash,  was  begun  in 
1890.  Full  accounts  of  the  results  in  the  different  years  will 
l)e  found  iu  preceding  annual  reports,  and  summaries  are 
found  in  the  reports  for  1895  and  1900.  The  field  contains 
one  acre  and  is  divided  into  four  plots  of  one-fourth  acre  each. 
Corn  was  the  crop  in  1899.  The  field  was  ploughed  last  fall 
and  seeded  to  rye  for  winter  protection.  After  ploughing 
this  spring  the  field  received  a  dressing  of  air-slaked  lime  at 
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the  rate  of  1  ton  to  the  acre ;  this  was  thoroughly  worked 
in  with  a  whcn^l  harrow  ;  the  field  was  then  manured  ns  shown 
below  :  — 

riot  1,  manure,  Ih  cord;  weiirlit,  0,80")  pounds. 

Plot  2,  manure,  1  cord  ;  weight,  4,610  i)Ounds  ;  high-grade  sul- 
fate of  potash,  40  pounds. 

Plot  3,  manure,  Ih  cord  ;  weight,  6,717  pounds. 

Plot  4,  manure,  1  cord  ;  weight,  4,067  pounds  ;  high-grade  sul- 
fati;  of  potash,  40  pounds. 

Samples  of  the  manure  used  were  analyzed,  and  llie  sulfate 
of  potash  was  analj'^zed.  Tiie  calculated  amounts  of  plant 
food  a})plied  to  tlie  stveral  })k)ts  are  as  follows  :  — 


PLOTS. 


Nitrogen 
(Founds). 


Phosphoric 

Acid 
(Pounds). 


Potash 
(Pounds). 


Plotl 

Plots • 

Plots 

Plot  4 


22.64 
14.21 
20.15 
12.20 


19.65 
13.70 
20.15 
12.20 


38.43 
40.67 
27.54 
36.67 


The  variety  of  corn  grown  this  year  was  Sildcy's  Pride  of 
the  North.  The  growth  was  good  and  the  crop  large  on  all 
plots.  The  yield  on  the  several  i)l()ts  is  at  the  rate  i)cr  acre 
shown  in  the  following  table  :  — 


Yield  of  Corn  (Rate  per  Acre) . 


rioti, 

Plot  2, 
Plot  3, 
Plot  4, 


PLOTS. 


Stover 
(Pounds). 


6,740 
7,020 
6,540 
0,580 


Avera/je  Yield  per  Acre. 


PLOTS. 

Shellod  Grain 
(ISusliels). 

Stover 
(Pounds), 

Plots  1  and  3,  manure  alone, 

Plots  2  and  4,  manure  and  potash, 

73.5 
72.4 

6,640 
0,800 
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The  crops,  as  in  previous  years,  are  of  substantially  equal 
value,  the  manure  alone  giving  1.1  bushels  more  grain  than 
manure  and  potash,  while  the  latter  gave  160  pounds  more 
stover.  The  combination,  4  cords  of  manure  and  160  pounds 
sulfate  of  potash  j)er  acre,  will  cost  about  $6.40  less  than  6 
cords  of  manure  alone.  We  have  now  grown  eight  corn 
crops  on  this  field,  and  the  average  yields  are  at  the  rate 
per  acre  for  the  two  manurings  :  — 

Average  of  Eight  Crops. 


Shelled  Grain 

(Bushels). 

Stover 
(Pounds). 

Manure  alone, 

Less  manure  and  potash 

63.0 
68.7 

4,822 
4,497 

The  money  cost  of  the  materials  applied  to  the  plots  re- 
ceiving manure  and  potash  for  the  ten  years  during  which 
the  experiment  has  continued  is  at  the  rate  of  about  $81  less 
than  on  the  other  plots.  The  manure  alone,  however,  has 
produced  yields  exceeding  the  combination  of  a  smaller 
amount  of  manure  and  potash,  at  rates  per  acre  amounting 
to  shelled  corn  34.4  bushels  and  stover  2,600  pounds. 
During  two  years  since  the  experiment  l>egan  the  field  has 
been  in  grass,  and  the  yields  on  manure  alone  exceed  those 
on  manure  and  potash  at  rates  per  acre  amounting  to  hay 
2,244  pounds  and  rowen  1,170  pounds.  Such  an  amount 
of  corn  and  hay  at  average  prevailing  market  prices  would 
have  been  worth  about  $44.18.  In  using  the  large  amount 
of  manure  alone,  then,  one  would,  in  effect,  allowing  the 
manure  to  cost  $5  to  the  cord  on  the  land,  have  expended 
about  $81  for  products  worth  but  little  more  than  one-half 
that  sum. 

This  field  has  now  been  seeded  to  mixed  grass  and  clover 
seeds.  The  stand  on  all  plots  is  good,  but  the  clover  is 
proportionally  more  abundant  on  the  plots  receiving  the 
manure  and  potash. 

It  is  believed  that  these  experiments  conclusively  indicate 
that  corn  may  be  more  cheaply  grown  on  a  combination  of 
manure  and  potash  than  on  manure  alone. 
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The  Relative  Value  for  Greex  Maxurixg  of  the 
Soy  Bean  axd  Cow  Peas. 
So  much  has  been  said  concerning  the  vakie  of  cow  peas 
for  green  manuring  })urposcs  that  it  has  seemed  desirable  to 
compare  this  crop  with  the  soy  bean  for  that  })urj)ose.  Ac- 
cordingly, two  varieties  of  cow  peas,  the  AVonderful  and  the 
Black,  the  former  a  late  and  the  latter  an  early  variet}',  have 
been  grown  under  conditions  allowing  comparison  with  the 
medium  green  soy  bean.  The  growth  of  all  the  crops  was 
good  and  each  occupied  about  one-fifth  of  an  acre.  The 
Wonderful  cow  pea  when  cut  had  only  Just  bcgiui  to  blossom, 
the  Black  had  but  a  small  proportion  of  its  pods  ripe,  while 
all  the  pods  on  the  soy  bean  were  practically  mature.  The 
following  table  shows  the  results  :  — 


Cow  Peas  and  Soy  Beans  for  Green  ]\raniiri)ig. 


VARIETr. 


Pounds  per  Acre. 


Green 
Weight. 


Mat?er.   I  nitrogen. 


Wonderful  cow  pea, . 
Black  cow  pea,  . 
Medium  green  soy  bean, 


19,600 
20,035 
19,685 


3,622 
3,389 
5,386 


80.4 
62.1 
167.3 


It  will  be  noticed  that  the  soy  bean  furnished  much  larger 
quantiti(\s  both  of  dry  matter  and  of  nitrogen  than  cither  of 
the  A'arieties  of  cow  peas.  It  gave  practically  three-fifths 
more  dry  matter  and  more  than  double  the  nitrogen  furnished 
by  the  better  of  the  two  varieties  of  cow  peas.  The  roots 
of  the  bean  were  thickly  studded  with  nodules,  as  also  were 
the  roots  of  the  cow  peas ;  and  both  must,  therefore,  have 
possessed  the  ability  to  draw  upon  the  atmosphere  for  a  con- 
siderable part  of  their  nitrogen.  It  appears  impossible  to 
doubt  that  the  manurial  value  of  the  soy  beans  must  have 
been  far  greater  than  that  of  either  of  the  varieties  of  cow 
peas. 

In  estimating  the  significance  of  these  results,  it  should  be 
kept  in  mind  that  the  soil  was  a  medium  loam,  retentive  of 
moisture,  and  that  the  season  had  a  fairly  well-distributed 
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rainfall.  It  is  not  impossible  that  on  lighter  and  less  reten- 
tive soils,  or  with  delicient  rainfoll,  the  cow  pea  may  compare 
more  fiivoral)ly  with  the  soy  bean  as  a  green  manuring  crop, 
for  the  latter  is  somewhat  impatient  of  drought  and  of  soils 
deficient  in  moisture. 

It  may  be  of  interest  to  state  in  this  connection  that  a 
portion  of  the  area  in  soy  beans  was  allowed  to  ripen,  and 
that  the  yield  was  about  36  bushels  per  acre  of  thoroughly 
ripened  seed. 

Nitrate  of  Soda  for  Rowen. 
Many  experiments  l)oth  here  and  elsewhere  have  con- 
vincingly shown  the  great  value  of  nitrate  of  soda  for  appli- 
cation to  mowings  in  early  spring.  Not  many  experiments 
appear  to  have  been  tried  to  determine  the  eft'ect  of  such 
applications  for  the  second  crop.  Accordingly  plots  were 
laid  out  in  July  in  two  of  our  mowing  fields,  for  the  purpose 
of  carrying  out  an  experiment  to  test  this  question.  There 
were  two  sets  of  these  plots.  One  set  included  four  plots, 
laid  out  in  a  permanent  mowing  which  was  seeded  twelve 
years  ago,  the  principal  species  at  the  present  time  being 
Kentucky  blue  grass.  The  first  crop  was  cut  June  25.  The 
nitrate  of  soda  was  applied  July  1  to  two  plots  at  the  rate 
of  150  pounds  per  acre.  The  first  crop  of  hay  on  this  land 
was  at  the  rate  of  2.16  tons  per  acre.  The  rowen  was  cut 
on  these  plots  on  September  7.  The  results  are  shown  in 
the  following  table  :  — 

Nitrate  of  Soda  for  Roinen. 


PLOTS. 


PouNiJS  PER  Acre. 


Nitrate  of 
Soda  applied. 


Rowen 
harvested. 


Plotl, 
Plot  2, 
Plot  3, 
Plot  4, 


Nothing. 

150 
Nothing. 

150 


2,082 
3,117 
2,438 
3.035 


The  average  of  plots  1  and  3  is  at  the  rate  of  2,260  pounds 
of  rowen  per  acre;  of  plots  2  and  4  it  is  3,076  pounds  per 
acre.     The  application,  then,  of  150  pounds  of  nitrate  of 
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soda,  costing  $3,  gave  an  apparent  increase  of  81(5  pounds 
of  rowen,  at  a  cost  for  the  fertilizer  of  .37  cents  per  pound. 

The  second  set  of  plots  occupied  a  portion  of  a  field  seeded 
to  timothy  in  1898.  There  were  eight  plots  in  this  series. 
The  first  crop  of  timothy  had  been  cut  July  10,  and  the  yield 
was  at  the  rate  of  2.0  tons  per  acre.  The  nitrate  of  soda 
was  applied  July  IG.  The  following  table  shows  the  nature 
of  the  experiment  and  the  results  :  — 


Nitrate  of  Soda  for  Roioen. 


PLOTS. 


Pounds  per  Acre. 


Nitrate  of 
Soda  applied. 


Rowen 
harvested. 


Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 
Plot  5, 
Plot  6, 
Plot  7, 
Plot  8, 


Xothing. 

150 
Nothing. 

150 
Nothing. 

200 
Nothing. 

250 


587 

1,394 

614 

679 

202 

1,137 

440 

1,816 


The  average  yield  of  all  the  nothing  plots  Avas  at  the  rate 
of  436  pounds  per  acre.  The  average  of  plots  2  and  4  Avas 
1,03G  pounds  per  acre,  a  gain  of  600  pounds  of  rowen  fol- 
lowing the  application  of  150  pounds  of  nitrate,  costing  $3, 
the  cost  of  the  gain  per  pound  being  .5  cents.  The  applica- 
tion at  the  rate  of  200  pounds  produced  an  apparent  gain  of 
701  pounds,  at  a  cost  of  .57  cents  per  pound  ;  the  application 
at  the  rate  of  250  i)ounds  produced  an  apparent  gain  of 
1,380  pounds,  at  a  cost  of  .36  cents  per  pound  ;  l)ut  we  have 
some  evidence  indicating  that  this  plot  is  naturally  belter 
than  the  average  of  the  nothinas. 

In  commenting  upon  these  results,  it  should  be  stated  at 
the  outset  that  the  season  was  not  favorable  for  the  produc- 
tion of  a  maximum  effect  from  the  application  of  the  nitrate, 
as  the  rainfall  was  deficient,  amounting,  for  the  entire  period 
during  which  the  rowen  upon  the  old  mowing  was  growing, 
to  7.26  inches;*  during  the  ])eri()d  that  the  timothy  was 
growing,  to  6.66  inches. f  The  application  of  the  niti'ate 
produced  an  effect  l)oth  upon  color  and  growth  almost  imme- 


*  The  average  for  this  period  for  the  ton  years  1889-98  is  8.59  inches, 
t  The  average  for  this  period  fur  the  ten  years  1889-98  is  8.39  inches. 
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diately  following  the  first  rain  which  fell  after  it  had  been 
made.  It  is  believed  that  the  gain  in  crop  would  have  been 
much  greater  had  the  rainfall  been  larger. 

Further  experiment  is  needed  to  determine  what  amount 
of  nitrate,  if  any,  it  will  pay  to  use;  but  the  opinion  is  here 
advanced  that  probably  the  most  profitaljle  application  will 
be  found  not  to  exceed  about  150  pounds  per  acre. 

Experiment  in  Manuring  Grass  Lands." 
The  system  of  using  wood  ashes,  ground  bone  and  muriate 
of  potash,  and  manure  in  rotation  upon  grass  land  has  been 
continued,  with  two  slight  modifications.  We  have  three 
large  plots  (between  two  and  one-half  and  four  acres  each) 
under  this  treatment.  According  to  the  system  followed, 
each  plot  receives  wood  ashes  at  the  rate  of  1  ton  per  acre 
one  year,  the  next  year  ground  bone  600  pounds  and  muri- 
ate of  potash  200  pounds  per  acre,  and  the  third  year  uianure 
at  the  rate  of  8  tons.  The  changes  in  manuring  introduced 
this  year  consist,  first,  in  the  use  of  a  small  quantity  of 
nitrate  of  soda  in  connection  with  the  ashes  on  one  plot  and 
with  the  ground  bone  and  muriate  of  potash  on  another. 
The  experiment  is  further  modified  to  a  slight  extent  by  the 
fact  that  a  little  more  than  one  acre  on  i)lot  1,  which  contains 
about  four  acres,  was  used  for  experiment  in  the  application 
of  nitrate  of  soda  for  rowen,  elsewhere  described  in  this  re- 
port, the  nitrate  being  used  at  the  rate  of  150  pounds  per 
acre.  Our  system  of  manuring  is  so  planned  tliat  each  year 
we  have  one  plot  under  each  of  the  three  manurings.  The 
manure  is  always  applied  in  the  fall,  the  other  materials 
early  in  the  spring.  The  ashes  were  put  on  this  year  April 
5,  the  bone  and  potash  April  16.  The  nitrate  of  soda  was 
used  with  the  ashes  at  the  rate  of  64  pounds  to  the  acre,  and 
was  put  on  April  17.  Nitrate  of  soda  was  used  on  plot  3, 
with  bone  and  potash  in  the  quantities  above  named,  at  the 
rate  of  83  pounds  per  acre.     It  was  applied  April  19. 

Plot  1,  which  this  year  received  wood  ashes  and  nitrate  of 
soda,  gave  a  yield  at  the  rate  of  2.164  tons  of  hay  and  1.326 
tons  of  rowen  per  acre.  Plot  2,  which  w^as  top-dressed  in 
the  fall  of  1899  with  manure,  yielded  hay  1.525  tons  and 
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roweii  1.150  tons  per  acre.  Plot  3,  which  was  manured 
with  a  combination  of  bone  and  potash  in  amounts  named, 
and  nitrate,  gave  yields  of  hay  2.228  tons  and  rowen  (two 
crops  on  a  part  of  the  plot)  1.219  tons  per  acre.  The  aver- 
age yield  of  the  entire  area  for  this  year  is  (5,510  pounds, 
hay  and  rowen  both  inchided.  The  held  has  now  been 
twelve  years  in  grass,  and  during  the  continuance  of  the 
present  system  of  manuring,  since  1893,  has  i)roduced  an 
average  product,  hay  and  rowen  both  included,  of  G,G15 
pounds  per  acre.  The  plots,  when  dressed  with  manure, 
have  averaged  6,817  pounds  per  acre;  when  receiving  bone 
and  potash,  6,62()  })ounds ;  and  when  receiving  ashes,  6,371 
pounds.  It  will  be  noticed  tliat,  while  the  general  average 
for  this  year,  including  all  the  plots,  falls  below  the  general 
average  for  the  entire  period,  the  average  for  this  year  of  the 
two  plots  receiving  bone  and  potash  and  ashes  is  above  the 
general  average  for  the  entire  period.  It  will  be  remem- 
bered, however,  that  these  plots  have  this  year,  in  addition 
to  the  usual  amounts  of  bone  and  potash  and  ashes  respec- 
tively, received  a  light  dressing  of  nitrate  of  soda.  It  is  })os- 
sibly  this  difference  in  treatment  Avhich  has  produced  the 
results  just  pointed  out. 

Poultry  Experiments. 
The  experiments  of  the  past  season  have,  as  in  previous 
years,  been  devoted  to  the  study  of  methods  of  feeding,  as 
alfecting  egg-} )roduction.  The  only  experiment  the  results 
of  which  it  is  jjroposcd  to  report  at  the  present  time  is  one 
having  for  its  object  the  determination  of  the  relative  merits 
of  the  system  of  giving  a  mash  in  the  morning,  as  compared 
with  the  system  of  giving  it  late  in  the  afternoon. 

General  Conditions. 
Barred  Plymouth  Kock  pullets,  raised  on  the  scattered 
colony  plan,  divided  into  two  lots  as  equall}'^  matched  in 
weight  and  development  as  possible  at  the  beginning  of  the 
experiment,  were  employed.  Twenty  such  pullets  with  two 
cockerels  were  put  into  each  house.  Our  houses  are  de- 
tached, and  include  a  closed  room  for  nests  and  roosts,  10 
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by  12  feet,  with  two  windows  about  3  1)y  G  feet  on  the  south, 
scratching  shed,  8  by  12  feet,  which  is  left  either  entirely 
o[)en  in  fine  weather  or  closed  l)y  folding  doors  with  large 
glass  windows  in  stormy  weather,  while  the  fowls  are  allowed 
the  run  of  large  yards  whene^'cr  the  weather  permits. 

Two  tests  were  made :  a  so-called  winter  test,  December 
7  to  May  20 ;  and  a  summer  test,  May  29  to  September  10. 
The  feeds  used  in  the  two  coops  were  of  the  same  kinds,  the 
intention  beino-  to  o-ive  each  lot  of  fowls  as  much  food  as 
would  ])G  readily  consumed.  The  mash  used  in  these  experi- 
ments was  commonly  mixed  with  boiling  water  about  twelve 
hours  before  use,  but  in  some  instances  was  given  hot  im- 
mediately after  mixing.  The  morning  mash  was  always 
given  as  soon  after  light  as  possible,  the  evening  mash  just 
before  dark.  The  -whole  grain  given  to  both  lots  of  fowls 
was  scattered  in  the  straw  in  the  scratching  shed,  for  the 
fowls  in  one  coop  early  in  the  morning,  for  those  in  the  other 
coop  about  an  hour  before  dark.  Both  lots  of  fowls  were 
given  a  little  millet  seed  scattered  in  the  straw  at  noon,  the 
object  in  view  being  to  keep  them  industriously  searching 
for  food  in  the  straw  a  considerable  share  of  the  time.  About 
twice  a  week  a  small  cabbage  was  given  to  each  lot  of  fowls. 
The  eggs  were  weighed  weekly ;  all  the  fowls  were  weighed 
at  intervals  of  about  one  month.  Sitters  were  confined  in 
a  coop  until  broken  up,  being  meanwhile  fed  like  their  mates. 
The  prices  per  hundred  weight  for  feeds  upon  which  financial 
calculations  are  based  are  shown  below  :  — 

Per  Cwt. 

Wheat, $1  65 

Corn  and  corn  meal, >  90 

Millet, 1  00 

Bran  and  middlings, 90 

Gluten  feed, 1  00 

Gluten  meal, 1  25 

Animal  scraps, 2  25 

Clover, 1  50 

Cabbage, 25 

Oats 1  12.5 

The  health  of  the  fowls  under  both  systems  of  feeding  has 
been  in  general  good,  although,  as  is  usually  the  case,  there 
have  been  a  few  losses.     Two  fowls  on  the  morning  mash  died 
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in  April,  and  post-mortem  examination  showed  a  catarrhal 
condition  of  the  throat  and  intestines.  Three  fowls  in  the 
evening  mash  coop  died ;  i)ost-mortem  examination  of  one 
showing  enlarged  liver  and  s})leen  and  ulcerated  alimentary 
canal,  and  in  another  case  enlarged  liver  and  intestinal 
parasites. 

Winter  Experiment. 
All  details  necessary  to  a  full  understanding  of  the  exper- 
iment will,  it  is  believed,  be  found  in  the  following  tables  :  — 

Foods  consumed,  Morning  v.  Evening  Mash,  December  7  to  May  20. 


KIXD  OF  FOOD. 

Corn, 

Wheat 

Millet,        .        .     -^        .        .        .        . 

Hran, 

Meat  scrape 

Clover, 

Corn  meal, 

Cabbage, 


Morning  Mash     Evening  Mash 
(Pounds).  (I'ouuds). 


•261.00 

239.50 

130.50 

120.00 

39.50 

37.75 

46.00 

45.00 

45.00 

43.00 

22.00 

21.50 

Hi. 00 

107.00 

62.50 

77.75 

Average  Weights  of  Fowls  (^Pounds). 


December  7, 
Kebriiarv  6, 
March  17, . 
Way  21,     . 


DATES. 


Morning  Mash. 


Hens. 


4.G1 
5.38 
f).()9 
5.24 


Cocks. 


7.75 
7.38 
7.38 

7. S3 


EvENiNO  Mash. 


Hens. 


4.33 
4.78 
5.28 
5.13 


Cocks. 


7.13 

6.88 
8.88 


Number  of  Eggs  per  Month,   Morning  v.  Evening  Mash,   Winter 

Test. 


DATES. 

Docembor 

January, 

February, 

March, 

April 

May, 

Totils 
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Morning  v.  Evening  Mash  for  Egg-production,   Winter  Test. 


Morning 
Mash. 


Evening 
Mash. 


Total  dry  matter  in  foods  (pounds),     . 
Number  of  hen  days,  not  including  males. 
Number  of  hen  days,  including  males. 
Gross  cost  of  food, .        .        . 
Gross  cost  of  food  per  egg  (cents). 
Gross  cost  of  food  per  hen  day  (cents), 
Number  of  eggs  per  hen  day, 
Average  weight  per  egg  (ounces). 
Total  weight  of  eggs  (pounds),     . 
Dry  matter  consumed  per  egg  (pounds). 
Nutritive  ratio,* 


593.28 
3,228 
3,558 
$7  78 
.97 
.22 
.25 
1.84 
91.19 
.75 
1:6.3+ 


556.11 
3,158 
3,188 
$7  36 
.97 
.21 
.24+ 
1.85 
87.64 
.73+ 
1:6.1+ 


*  The  term  nutritive  ratio  is  used  to  designate  the  ratio  existing  between  the  total  nitrog- 
enous and  the  non-nitrogonous  constituents  of  the  feeds  used,  the  former  being  regarded 
as  a  unit,  and  fat  multiplied  by  2.5. 


Summer  Experiment. 
The  method  of  feeding  during  the  summer  experiment  was 
the  same  as  in  the  Avinter,  save  in  two  particuhirs :  tirst,  in 
place  of  cut  clover  rowen  in  the  mash,  lawn  clipj)ings  in  such 
quantities  as  the  fowls  would  eat  ])efore  wilting  were  fed 
three  times  a  week,  to  the  hens  in  all  the  houses  the  same ; 
and,  second,  the  feeding  of  cabbages  was  discontinued.  The 
yards,  1,200  square  feet  in  area  for  each  house,  were  kept 
fresh  by  frequent  turning  over  of  the  soil.  The  tables  give 
all  details :  — 

Foods    consumed,  Morning  Mash    v.  Evening  Mash,   May  29  to 

September  Kk 


KIND 

OF  FOOD. 

Morning  Mash 
(Pounds). 

Evening  Mash 
(Pounds). 

41.80 
41.80 
32.00 
47.80 
41.80 
171.70 

40.70 

Middlings, 

40.70 

32.00 

Oats, 

49.20 

40.70 

174.80 
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Average  Weight  of  Fowls  (^Pounds). 


May  29,  , 
July  30,  . 
August  16, 


DATES. 


Morning  Mash. 


Hens. 


5.69 
5.53 
5.11 


Cocks. 


8.00 

7.75 
8.00 


Evening  Mash. 


Hens. 


4.94 
5.00 
4.74 


Cocks. 


6.75 
6.75 
7.00 


Number  of  Eggs  per  Month,  Morning  v.  Evening  Mash,  Stimmer 

Test. 


DATES. 


Morning 
Mash. 


Evening 
Mash. 


May, . 
June, 
July, 

August,    . 

September, 

Totals, 


Morning  v.  Evening  Mash  fur  Egg-produdion,  Summer  Test. 


Morning 
Mash. 


Evening 
M  ash . 


Total  dry  matter  in  foods  (pounds),    . 
Number  of  hen  days,  not  Including  males,  . 
Xumlier  of  hen  days,  inchuiiiig  males, 

Gross  cost  of  food 

Gross  cost  of  food  per  egf<  (cents), 

Gross  cost  of  food  per  hen  day  (cents), 

Number  of  eggs  per  hen  day. 

Average  weight  per  egg  (ounces) , 

Total  weight  of  eggs  (pounds),     . 

Dry  matter  consumed  per  egg  (pounds^     . 

Nutritive  ratio,* 


337.02 
1,719 
1,941 
$3  94 
.68— 
.20+ 
.04— 
1.S3 
GG.GS 
.51— 
1:5.5+ 


338.11 
1,722 
1,944 
$3  95 
.69+ 
.20f 
.33+ 
1.90 
67.09 
.59+ 
1:5.6 


*  The  term  nutritive  ratio  is  used  to  designate  the  ratio  existing  between  the  total  nitrog- 
enous and  the  total  non-nitrogenous  constituents  of  the  feeds  used,  the  former  being 
regarded  as  a  unit,  and  fat  multiplied  by  2.:"). 

Jt  will  be  seen  that  neither  in  the  winter  nor  suinnier  ex- 
periment was  there  any  very  considerable  diU'erence  in  the 


128 


HATCH   EXPERIMENT    STATION. 


[Jan. 


number  of  eggs  produced.  It  is,  however,  possibly  signiti- 
cant,  and  this  fact  is  made  evident  by  the  tables  showing 
monthly  egg  yields,  that  during  the  period  of  shortest  days 
the  fowls  receivins;  the  evening  mash  laid  less  effffs  than  the 
others. 

The  most  striking  result  of  the  experiments  is  the  great 
difference  in  the  relative  amounts  of  droppings  voided  during 
the  night  by  the  fowls  under  the  two  systems  of  feeding.  It 
was  noticed  from  the  beginning,  and  the  same  remained  true 
throughout  the  entire  period,  that  the  amount  of  droppings 
voided  during  the  night  by  the  fowls  receiving  the  evening 
mash  was  very  much  greater  than  the  amount  voided  by  the 
other  lot  of  fowls.  Weights  were  taken  on  a  number  of 
diflerent  occasions,  with  the  results  shown  below  :  — 

Morning  v.  Evening  Mash. 


Number  of 

Days 
Droppings. 

Morning  Mash. 

Evening  Mash. 

DATES. 

Number 

of 

Hen  Nights. 

Weight 

of 
Droppings 
(Pouuds). 

Number 

of 

Hen  Nights. 

Weight 

of 

Droppings 

(Pounds). 

March  3, 

March  5,         .        .        . 
March  7,         .        .        . 
March  10,       . 
March  21,       . 

1 
2 
2 

1 
1 

22 
44 
44 
22 
22 

3.00 
5.25 
5.25 
2.50 
2.50 

21 

42 
42 
21 
19 

6.00 
11.00 
10.50 
6.25 
4.50 

It  will  he  noticed  that  the  weight  of  the  droppings  voided 
during  the  night  by  the  fowls  receiving  the  evening  mash  dur- 
ing the  period  of  nearly  even  days  and  nights  during  which 
these  lueights  ivere  taken  is  practically  double  the  weight  of  the 
droppings  of  the  other  lot  of  fowls.  The  fact  thus  brought 
out  is  doubtless  of  much  significance.  It  furnishes  conclusive 
evidence  that  the  digestive  process  in  the  case  of  a  soft  food 
like  a  mash  is  very  rapid.  The  fact  that  digestion  among 
birds  is  relatively  much  more  rapid  than  witli  most  classes  of 
animals  has  been  already  many  times  pointed  out.  Forbush, 
in  his  paper  in  the  report  of  the  secretary  of  the  State  Board 
of  Agriculture  for  1899,  gives  valuable  data  bearing  upon 
this  subject  concerning  a  number  of  the  smaller  birds  and 
crows.  Our  experiments  indicate  that  the  ordinary  domestic 
fowl,  as  might  have  been  supposed  would  be  the  case,  is  also 
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able  to  digest  soft  foods  with  a  degree  of  rapidity  which 
seems  astonishing.  There  has  long  been  a  general  impres- 
sion, and  the  usual  practice  in  feeding  fowls  is  evidence  of 
this,  that  it  is  better  to  give  the  more  solid  food  at  night, 
especially  during  the  winter,  since  it  will  '<  stay  by"  the 
fowls  better.  Our  experiments  indicate  that  this  im[)ression 
is  well  ft)undcd,  and  that  the  usual  practice  is  correct, 
although  tlioy  cannot  be  considered  to  prove  it,  because,  of 
course,  it  may  be  that  a  period  of  comparative  rest  for  the 
digestive  organs  during  the  night  is  better  than  the  condi- 
tion  of  more  continuous  work  for  these  organs  which  would 
follow  the  use  of  solid  food  at  night. 

We  have  not  ol)tained  a  sufficient  dillerence  in  egg-pro- 
duction to  be  considered  significant,  but  it  is  believed  that 
the  experiment,  so  far  as  it  goes,  indicates  that  it  is  better 
that  the  mash  should  be  fed  in  the  mornin^.  It  is  con- 
ceivable,  however,  that,  if  the  mash  be  given  in  too  largo 
quantities,  the  fowls  will  gorge  themselves,  will  then  as  a 
consequence  become  inactive,  and  remain  comparatively  in- 
active during  a  considerable  part  of  the  morning ;  whereas, 
if  they  be  given  whole  grain,  for  which  they  are  required  to 
scratch,  they  are  of  necessity  more  active.  The  relative 
weights  of  the  fowls,  particularly  during  the  winter,  afford 
some  indication  that  we  to  some  extent  experienced  this  dif- 
ficulty; for  it  will  be  noticed  that  the  fowls  receiving  the 
morning  mash,  especially  during  the  period  of  shortest  days, 
weighed  considerably  more  than  the  fowls  receiving  the 
evening  mash. 

It  must,  however,  be  further  pointed  out  that  the  average 
ditlerencc  in  weight  during  the  summer  months  was  also 
consideral)le,  amounting  to  about  one-half  pound  at  the  time 
of  each  of  the  weighings.  During  the  earlier  part  of  this 
period,  however,  the  fowls  receiving  the  evening  mash  were 
producing  the  greater  number  of  eggs,  which  dill'erence  may 
perhaps  account  for  their  decreased  relative  weight. 

It  is  concluded  that,  so  far  as  the  results  of  this  experi- 
ment enable  one  to  judge,  the  morning  mash  is  preferable  to 
the  evening ;  but  it  is  evident  that  additional  investigation 
is  required  in  order  to  throw  further  light  upon  the  sul)ject. 
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agi'iculture,  are  earnestly  requested.  Communications  may 
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The  following  bulletins  are  still  in  stock  and  can  be  fur- 
nished on  demand  :  — 

No.  27.  Tuberculosis  in  college  herd;   tuberculin   in  diagnosis; 

boviue  rabies ;  poisoning  by  nitrate  of  soda. 
No.  33.  Glossary  of  fodder  terms. 
No.  35.  Agricultural  value  of  bone  meal. 

No.  41.  On  the  use  of  tuberculin  (translated  from  Dr.  Bang). 
No.  54.  Fertilizer  anal3'ses. 
No.  55.  Nematode  worms. 
No.  57.  Fertilizer  analyses. 
No.  59.  Fertilizer  analyses. 
No.  63.  Fertilizer  analyses. 
No.  64.  Analyses  of  concentrated  feed  stuffs. 
No.  67.  Grass  thrips ;  treatment  for  thrips  in  greenhouses. 
No.  6^.  Fertilizer  analyses. 
No.  69.  Rotting  of  greenhouse  lettuce. 
No.  70.  Fertilizer  analyses. 
No.  71.  Concentrated  feed  stuffs;  condimental  stock  and  poultry 

foods. 
No.  72.   Summer  forage  crops. 
No.  73.  Orchard    experiments ;    fertilizers    for    fruits ;    thinning 

fruits  ;  spraying  fruits. 
No.  75.  Fertilizer  analyses. 
No.  76.  The  imported  elm-leaf  beetle. 
No.  77.  Fertilizer  analyses. 
Special  bulletin,  —  The  brown-tail  moth. 
Special  bulletin, — The  coccid  genera  Chionaspis  and  Hemichiou- 

aspis. 
Index,  1888-95. 

Of  the  other  bulletins,  a  few  copies  remain,  which  can  be 
supplied  only  to  complete  sets  for  libraries. 

An  outline  of  the  more  important  work  undertaken  and 
the  results  secured  is  all  the  limits  of  our  space  will  allow. 
From  a  series  of  experiments  on  the  eflect  of  feed  on  the 
compounds  of  milk  and  on  the  consistency  of  butter,  partic- 
ularly the  effect  of  cotton-seed  meal  with  a  minimun  amount 
of  oil  and  likewise  with  the  addition  of  cotton-seed  oil  on 
the  relative  properties  of  the  several  ingredients  in  milk  and 
butter  fat  and  on  the  body  of  the  butter,  the  results  seemed 
to  be  as  follows  ;  — - 
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1.  Cotton-seed  meal  with  a  minimum  percentage  of  oil 
did  not  alter  the  percentage  composition  of  the  milk. 

2.  The  addition  of  one-half  to  thi'ee-fourths  of  a  pound 
of  cotton-seed  oil  to  the  cotton-seed  meal  appeared  to  in- 
crease the  fat  percentage  in  the  milk  about  .4  of  1  per  cent. 
(5  to  5.4),  and  this  increase  was  maintained  during  the  six 
weeks  of  the  feeding  period. 

3.  The  substitution  of  Cleveland  flax  meal  for  the  cotton- 
seed meal  and  oil  resulted  in  a  decrease  of  the  butter  fat  to 
about  the  percentage  found  in  the  tirst  period,  while  tlie 
nitrogen  percentage  was  increased.  This  change  in  com- 
position was  probably  due  to  the  removal  of  the  cotton-seed 
oil  from  the  ration,  and  not  to  the  influence  of  the  flax  meal. 

4.  Cotton-seed  meal  with  mininmm  oil  caused  no  marked 
variation  in  the  chemical  composition  of  the  butter  fat. 

5.  The  addition  of  cotton-seed  oil  to  the  cotton-seed  meal 
ration  produced  a  noticeable  increase  in  the  melting  point 
and  iodine  number  of  butter  fat. 

().  Cotton-seed  meal  with  a  minimum  oil  produced  a  firm 
butter. 

7.  The  addition  of  cotton-seed  oil,  while  it  increased  the 
melting  point  of  the  ])utter  fat,  produced  a  softer,  more 
yielding  butter  than  that  produced  by  either  the  cotton- 
seed meal  or  the  standard  ration. 

8.  An  excess  of  cotton-seed  oil  in  the  ration  is  likely  to 
afiect  the  health  of  the  animal. 

Close  attention  was  paid  to  the  composition  of  concen- 
trated feeds,  and  the  farmers  were  warned  of  the  following 
adulterations  :  cotton-seed  meal  mixed  with  fine  ground  hulls 
for  genuine  meal ;  finely  gi'ound  corn-cobs  for  middlings  in 
mixed  feeds  ;  finely  ground  rice  hulls  in  the  adulteration  of 
standard  grains ;  and  oat  ottal  instead  of  ground  oats  in 
mixing  the  so-called  provender  or  cracked  corn  and  ground 
oats. 

In  experiments  with  green  crops,  wheat  and  winter  vetch 
were  found  preferable  to  winter  rye  for  early  forage  ;  the 
chief  value  of  barnyard  millet  was  found  to  lie  in  its  use  as 
green  fodder,  by  successive  seedings  using  it  until  Septem- 
ber.    It  was  found  to  be  not  suitable  for  hay  and  taking  the 
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place  of  corn  for  silage  when  impossible  to  secure  a  crop  of 
corn.  p]xpcriments  were  also  made  in  growing  mixtures  of 
legumes  and  non-legumes,  in  order  to  increase  the  amount 
of  protein  in  the  several  forage  crops,  in  the  hope  that  the 
farmer  would  not  require  to  purchase  so  much  grain.  Long- 
fellow corn  and  black  cow  peas  were  sown,  yielding  at  the 
rate  of  23  tons  to  the  acre. 

The  entomological  division  has  been  chiefly  occupied  with 
the  elm-leaf  beetle ;  the  brown-tail  moth,  which  now  covers 
an  area  of  twelve  hundred  square  miles,  extending  into  Maine 
and  New  Hampshire  ;  the  gypsy  moth,  which,  since  the 
abandonment  of  the  crusade  against  it,  is  now  reappearing 
in  the  places  from  which  it  was  surely  being  driven  out ; 
and  the  San  Jose  scale,  which  is  now  found  in  fifty -two  local- 
ities in  Massachusetts,  and  is  attacking  not  only  nurseries 
but  all  deciduous  trees  and  shrubs.  In  one  place,  covering 
an  area  of  five  square  miles,  nearly  every  tree  and  shrub  are 
aflfected.  It  would  seem  as  if  these  four  pests  had  come  to 
stay,  and  three  of  them  are  spreading  over  the  State  with 
great  rapidity.  How  to  preserve  our  noble  trees  and  fruitful 
orchards  is  the  question  that  comes  to  all  of  us. 

The  botanical  division  lias  pursued  its  investigations  in 
the  sterilization  of  soil,  examining  into  the  various  methods 
in  use  and  the  cost  of  the  same.  Desiccation  or  drying  of 
the  soil  was  found  to  increase  the  activity  of  the  drop  fungus, 
and  on  lettuce  resulted  in  a  stunted  growth  and  an  abnor- 
mally colored  and  worthless  crop.  .  The  chrysanthemum 
rust,  though  very  widely  spread,  is  not  considered  of  serious 
consequence,  because  it  passes  through  only  one  stage,  the 
uredo,  and  hence  does  not  gain  a  strong  foothold.  The 
remedy  seems  to  lie  in  selection  of  rust-free  stock  and  inside 
cultivation,  the  latter  being  due  to  avoidance  of  mist  and  dew 
on  the  foliage,  and  therefore  furnishing  a  less  favorable 
opportunity  for  the  spores  to  germinate  and  cause  injury. 

Three  melon  diseases  have  been  recognized  and  studied, 
one  a  leaf  blight,  and  two  affecting  both  leaves  and  fruit. 
They  have  been  particularly  severe  the  past  year,  complaints 
coming  from  every  part  of  the  State.  In  general,  the 
remedies  seem  to  lie  in  maturing  the  crop  as  early  as  possible 
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by  selecting  early  varieties  or  by  transplanting,  and  spraying 
with  Bordeaux  mixture.  The  last  mentioned  is  open  to 
objection,  from  the  difficulty  of  spraying  both  sides  of  the 
leaf. 

Various  stem  rots,  affecting  the  chrysanthemum,  carnation 
and  aster,  have  been  the  subject  of  careful  investigation. 
These  rots  are  produced  by  fungous  growths  clogging  up 
the  pores  of  the  stem,  and  resulting  in  decay.  In  the  aster 
the  disease  can  be  entirely  averted  by  starting  plants  in  the 
open  gTound,  or  otherwise  avoiding  "  damping-off "  condi- 
tions. In  the  chrysanthemum  and  carnation  reliance  is 
placed  upon  the  use  of  hardy  propagating  stock  and  ster- 
ilized soil. 

In  the  agricultural  division  the  problems  have  been  chiefly 
those  connected  with  the  nutrition  of  plants  and  the  selec- 
tion and  use  of  fertilizers  and  manures.  The  results  of  the 
year's  work  seem  to  show  (a)  that  sulfate  of  potash  is 
superior  to  the  muriate  for  clovers,  while  for  cabbages  the 
muriate  is  slightl}^  superior ;  (6)  that,  used  in  connection 
with  manures  for  garden  crops,  the  sulfate  of  potash  is 
better  for  early  crops,  while  for  late  crops  the  nmriate  is 
of  equal  value  ;  (c)  that,  in  determining  the  relative  value 
of  phosphates  applied  on  the  basis  of  equal  quantities  of 
actual  phosphoric  acid,  their  relative  standing  was  in  the 
following  order :  raw  bone,  phosphatic  slag.  South  Carolina 
rock,  apatite,  dissolved  bone  meal,  dissolved  bone-black, 
Tennessee  phosphate,  acid  phosphate,  steamed  bone  meal, 
Florida  phosphate  ;  (fZ)  that,  in  a  comparison  of  different 
varieties  of  ensilage  corn,  in  the  total  yield  they  stood  in  the 
following  order:  Eureka,  Boston  Market,  Rural  Thorough- 
bred, Leaming  Field,  but  in  actual  food  value  the  Leaming 
Field,  when  ensiled,  was  superior  ;  (e)  that,  in  soil  tests 
with  grass,  grass  showed  a  marked  dependence  upon  a 
liberal  suppl}'^  of  fertilizer  nitrogen  and  clover  a  still  closer 
dependence  upon  a  liberal  supply  of  fertilizer  potash  ;  (/') 
that,  in  soil  tests  with  onions,  that  crop  showed  a  close 
dependence  upon  a  liberal  supply  of  potash,  an  abundant 
supply  of  lime  for  promoting  the  healthy  gi'owth  of  the 
crop  and  a  liberal  supply  of  readily  available  phosphate  for 
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promoting  the  satisfactory  rip&ning  of  the  crop  ;  (^)  that, 
on  a  moderately  sloping  field,  it  was  found  better  to  haul 
manure  in  the  late  autumn  to  large  piles  and  spread  and 
plough  in  the  spring  than  to  haul  in  the  autumn  and  apply 
directly  to  the  field,  as  the  crops  were  increased  more  than 
enouo'h  to  cover  the  extra  cost  of  rehandling  the  manure. 
Growing  alfalfa  for  a  forage  crop  has  proved  quite  unsuc- 
cessful, after  a  number  of  years'  trial,  the  crop  being  ex- 
ceedingly small.  Mand's  AVonder  Foreign  Crop,  Brazilian 
millet  and  Pearl  millet  prove  identical  in  every  respect, 
and  farmers  are  warned  not  to  pay,  under  a  ncAV  name,  the 
high  prices  demanded  for  the  old  and  well-known  Pearl 
millet. 

The  details  of  the  experiments  thus  briefly  outlined  may 
be  found  in  the  reports  of  the  several  divisions  herewith 
submitted. 
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ANNUAL   EEPORT 

Ok  George  F.  Mills,  Treasurer  of  the  Hatch  Experiment  Station 
OF  Massachusetts  Agricultural  College, 

For  the  Year  ending  June  30, 1901. 


Cash  received  from  United  States  treasurer, 

Cash  paid  for  salaries, 

for  lal)or,     .... 

for  publications,  . 

for  postage  and  stationery, 

for  freight  and  express, 

for  heat,  light,  water  and  power, 

for  seeds,  plants  and  sundry  supplies 

for  fertilizers,      .... 

for  feed  stuffs,     .... 

for  library, 

for  tools,  implements  and  machinery 

for  furniture  and  fixtures,  . 

for  scientific  apparatus, 

for  live  stock,       .... 

for  travelling  expenses, 

for  contingent  expenses, 

for  building  and  repairs,     . 


Cash  received  from  State  treasurer, 
from  fertilizer  fees, 
from  farm  products, 
from  miscellaneous  sources, . 


Cash  paid  for  salaries, 

for  labor,     .... 

for  publications, . 

for  postage  and  stationery, 

for  freight  and  express, 

for  heat,  light,  water  and  power. 

Amount  carried  forward. 


115,000  00 


?8,157  57 

2,941  04 

1,436  80 

269  33 

99  82 

259  63 

621  30 

182  21 

135  08 

221  31 

52  58 

75  59 

5  49 

20  25 

84  39 

147  52 

290  59 


SP  '-u,\)\jyj    \J\J 

$11,200 

00 

3,490 

25 

2,091 

08 

2,050  50 

fl;18ft<^1   S^ 

^i.O,OUi.    ou 

$11,099  76 

1,620  38 

681 

28 

318 

65 

102 

49 

434 

12 

$14,256  68 
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Amount  brought  forward. 

Cash  paid  for  chemical  supplies, 

lor  seeds,  plants  and  sundry  supplies 

for  fertilizers,      ... 

for  feed  stuffs, 

for  library,  .... 

for  tools,  implements  and  macliinery 

for  furniture  and  fixtures,  . 

for  scientific  apparatus, 

for  live  stock,      .... 

for  travelling  expenses, 

for  Iniilding  and  repairs,     . 


.$14,256  68 

534 

45 

428 

27 

510  88 

691 

99 

130 

38 

122 

28 

22  25 

435  41 

318  00 

663 

12 

718 

12 

$18,831  83 


I,  Charles  A.  Gleason,  duly  appointed  auditor  of  the  corporation,  do  hereby  cer- 
tify that  I  have  examined  the  books  and  accounts  of  the  Hatch  Experiment  Station 
of  the  Massachusetts  Agricultural  College  for  the  fiscal  year  ending  June  30,  1901 ; 
that  I  have  found  the  books  well  kept  and  the  accounts  correctly  classified  as  above ; 
and  that  the  receipts  for  the  year  are  shown  to  be  $33,831.83  and  the  corresponding 
disbursements,  $33,831.83.  All  the  proper  vouchers  are  on  file.  These  have  been 
examined  by  me  and  have  been  found  to  be  correct,  there  being  no  balance  on 
accounts  of  the  fiscal  year  ending  June  30,  1901. 

CHARLES   A.   GLEASON, 
Aiiditor. 

Amherst,  Aug.  1,  190L 
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REPORT   OF   THE   AGRICULTURISTS. 


"\VM.    r.    I'.UO()K8  ;    ASSISTANT,    H.    M.    THOMSON. 


The  work  of  the  agricultural  division  of  the  experiment 
station  for  the  past  yvav  has  followed  the  general  lines  of 
investigation  already  undertaken.  The  problems  chiefly 
enffao^ino;  attention  are  those  connected  with  the  nutrition  of 
plants  and  the  selection  and  use  of  manures  and  fertilizers. 
These  problems  are  of  fundamental  importance  in  the  agricul- 
ture of  the  State  ;  and,  as  our  lines  of  inquiry  are  followed 
up  from  3'ear  to  year,  it  is  believed  that  little  by  little  the 
results  must  contribute  to  the  sum  of  our  knowledge  per- 
taining to  many  vital  points. 

It  may  possibly  have  been  thought  by  some  that,  as  com- 
paratively few  of  our  farmers  yet  use  unmixed  fertilizers, 
it  can  scarcely  benclit  them  greatly  to  know  the  relative 
values  of  many  of  the  materials  dealt  with  in  our  experi- 
ments. This  view  is  superficial,  for,  even  though  farmers 
may  not  yet  largely  employ  chemicals,  the  manufacturers  of 
mixed  materials,  always  on  the  lookout  for  new  light  as  to 
the  needs  of  the  various  crops,  are  gradually  modifying 
their  goods  in  accordance  with  weJJ-estahJished  results  of 
experiments. 

To  cite  one  or  two  examples  :  one  of  the  best-known 
brands  of  potato  fertilizers,  as  made  twelve  years  ago,  had 
the  following  percentage  composition:  nitrogen,  4.12  j 
soluble  and  available  phosphoric  acid,  7.59  ;  total  phos- 
phoric acid,  12.17  ;  potash,  5.23.  As  made  last  j'car,  the 
same  brand  of  fertilizer  contained  :  nitrogen,  2.92  ;  soluble 
and  available  phosphoric  acid,  (5.45  ;  total  phosphoric  acid, 
8.27  ;  potash,  10.  Twelve  years  ago  most  potato  fertilizers 
contained •  potash  in  the  form  of  muriate;  they  now  very 
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geiierallj'  contain  this  element  in  the  form  of  sulfate,.  Such 
changes  are  in  the  interest  of  the  farmers  who  use  these 
fertilizers  ;  and  they  are  in  line  with  suggestions  based  upon 
experiments  here  as  Avell  as  in  other  stations. 

The  experiments  with  fertilizers  are  conducted  in  three 
distinct  methods,  —  the  plot  method  in  the  open  field,  the 
plunged  c}'linder  method  with  equal  weights  of  thoroughly 
mixed  soil  to  the  depth  of  four  feet,  and  the  pot  method. 
The  last  two  are  valuable  as  checks  on  the  results  in  the 
field,  and  in  increasing  the  possible  range  and  scope  of 
inquiry.  In  our  work  in  the  field  we  have  employed  two 
hundred  and  twenty-two  plots,  we  have  one  hundred  and 
fifty-tlu*ec  of  the  cylinders  in  use,  while  in  our  pot  experi- 
ments we  have  cared  for  two  hundred  and  ninetj'-four  pots. 

The  results  of  cylinder  and  pot  experiments,  being  rather 
of  scientific  than  of  immediate  practical  interest,  will  not 
be  presented  in  this  report.  Variety  tests  with  corn  and 
potatoes  have  engaged  a  considerable  share  of  attention, 
but  the  varieties  under  trial  have  been  tested  but  a  sing-le 
year,  and  results  will  not  be  reported.  Our  experiments 
with  poultry  have  been  directed,  as  in  recent  years,  to  a 
stud}^  of  the  best  methods  of  feeding  for  eggs.  The  results, 
not  being  regarded  as  decisive  and  in  some  respects  at  vari- 
ance with  those  of  earlier  years,  will  not  be  discussed  in 
this  report.  This  report,  then,  will  deal  onl}^  with  the 
results  of  some  of  our  more  important  plot  experiments. 
The  nature  of  the  subjects  of  inquuy  and  the  more  salient 
features  of  our  results  will  be  made  clear  by  the  following 
statement :  — 

I.  —  To  determine  the  relative  value  of  barnyard  manure, 
nitrate  of  soda,  sulfate  of  ammonia  and  dried  blood  as  sources 
of  nitrogen.  The  crop  of  this  year,  soy  beans,  gives  3delds 
on  the  basis  of  which  the  materials  rank  in  the  following 
order  :  barnyard  manure,  nitrate  of  soda,  dried  blood,  sulfate 
of  ammonia.  The  average  to  date  ranks  the  materials  in  the 
following  order :  nitrate  of  soda,  barnyard  manure,  sulfate 
of  ammonia,  dried  blood. 

II.  —  To  determine  the  relative  value  of  muriate  and  high- 
grade  sulfate  of  potash  for  field  crops.     Results  of  the  year 
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indicate  sulfate  to  be  superior  to  the  muriate  for  clovers  ;  for 
cabbages,  the  muriate  })r()ves  slightly  superior. 

III.  —  A.  To  determine  the  relative  value  of  nitrate  of 
soda,  sulfate  of  ammonia  and  dried  blood,  used  in  connec- 
tion with  manure  as  sources  of  nitrogen  for  garden  crops. 
Results  indicate  these  materials  used  in  amounts  furnishing; 
equal  nitrogen  to  rank  in  the  following  order:  nitrate  of 
soda,  dried  blood,  sulfate  of  ammonia.  B.  To  determine 
the  relative  value  of  sulfate  of  potash  and  muriate  of  potash, 
used  in  connection  with  manures  for  garden  crops.  Results 
of  the  year  indicate  the  sulfate  to  be  the  better  for  early 
crops,  while  for  late  crops  the  muriate  is  equally  good. 

IV.  —  To  determine  the  relative  value  of  difterent  phos- 
phates used  in  equal  money's  worth.  The  results  of  the 
year  rank  the  materials  employed  in  the  following  order : 
phosphatic  slag.  South  Carolina  rock,  Mona  guano,  dissolved 
bone-black,  Florida  rock  phosphate. 

V.  —  To  determine  the  relative  value  of  phosphates,  applied 
on  the  basis  of  equal  quantities  of  actual  phosphoric  acid. 
The  relative  standing  of  the  several  phosphates  was  in  the 
following  order  :  ra^v  bone,  phosphatic  slag,  South  Carolina 
rock,  apatite,  dissolved  bone  meal,  dissolved  bone-black, 
Tennessee  phosphate,  acid  phosphate,  steamed  bone  meal, 
Florida  phosphate. 

VI.  —  To  determine  the  relative  value  of  dilicrent  potash 
salts  for  field  crops.  The  results  of  the  yca,i'  with  wheat 
and  corn  are  not  very  decisive,  but  indicate  a  high  rate  of 
availability  for  the  new  materials,  —  silicate  and  carbonate 
of  potash. 

VII.  —  Comparison  of  difterent  varieties  of  ensilage  corn. 
In  total  yield  the  varieties  under  trial  rank  in  the  following 
order :  Kurcka,  Boston  ]\hirkct,  Rural  Thoroughbred,  Learn- 
ing Field.  In  actual  food  value  the  Leaming  Field  when 
ensiled  is  superior. 

VIII. — ^1.  Soil  test  with  grass.  Results  of  the  year 
indicate  the  close  dependence'  of  grass  upon  a  liberal  supply 
of  fertilizer  nitrogen,  and  the  still  closer  dependence  of 
clover  upon  a  liberal  supply  of  fertilizer  potash.  They  also 
establish  the  possibility  of  raising  profitable  hay  crops  by 
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the  use  of  fertilizers  only,  and  indicate  that  in  gras5  mixtures 
where  clover  is  sown  exceedingly  profitable  crops  can  be 
grown  by  the  combination  of  a  potash  salt  and  an  available 
phosphate.  B.  Soil  test  with  onions.  Results  indicate 
the  close  dependence  of  this  crop  upon  a  liberal  supply  of 
potash,  the  vital  importance  of  an  abundant  store  of  lime  for 
the  healthy  growth  of  the  crop,  and  of  a  liberal  supply  of 
readily  available  phosphate  for  promoting  satisfactory  ripen- 
ing of  the  crop. 

IX.  —  To  determine  the  relative  value  for  production  of 
corn  and  grass  in  rotation  of  a  large  application  of  manure 
alone,  as  compared  with  a  smaller  application  of  manure 
with  a  moderate  amount  of  potash  salts.  The  crop  of  this 
year  is  mixed  grass  and  clover.  The  result  of  the  experi- 
ment was  the  production  of  nearly  equal  total  weights  of 
hay  under  the  two  systems,  and  hay  of  superior  nutritive 
quality,  because  containing  a  larger  proportion  of  clover, 
on  the  combined  manure  and  potash. 

X.  —  To  determine  the  relative  value  for  crop  production 
of  two  fertilizer  mixtures,  one  furnishing  the  important  ele- 
ments of  plant  food  in  the  same  proportions  as  in  "special" 
corn  fertilizers,  the  other  furnishing  less  phosphoric  acid 
and  more  potash,  for  corn  and  grass  in  rotation.  The  crop 
of  this  year  is  grass,  and  the  mixture  containing  less  phos- 
phoric acid  and  more  potash  and  costing  the  smaller  sum  per 
acre  gives  a  larger  yield  both  of  hay  and  rowen,  and  in  both 
cases  of  superior  nutritive  value  on  account  of  the  large 
proportion  of  clover. 

'XI.  —  To  determine  the  economic  result  of  using  in  rota- 
tion on  grass  lands  :  the  first  year,  ashes  ;  the  second,  ground 
bone  and  muriate  of  potash  ;  and  the  third,  barnyard  manure. 
The  yields  are  large,  amounting  under  these  several  systems 
of  manuring  to  from  rather  over  314  to  nearly  3%  tons  per 
acre.  These  yields  are  produced  on  a  good  margin  of  profit. 
XII.  —  To  determine  whether  the  use  of  nitrate  of  soda 
for  rowen  is  profitable.  The  results  on  an  old  sod  consist- 
ing chiefly  of  Kentucky  blue-grass  is  an  increased  rowen 
crop,  resulting  from  the  application  of  nitrate  of  soda  at  a 
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fair  profit ;  on  a  Timothy  sod  the  results  on  ditlcrent  plots 
vary  widely,  and  the  average  is  a  small  increase,  produced 
at  a  cost  greater  than  its  value. 

XIII.  —  To  determine  which  is  the  better  practice  :  to  haul 
manure  and  spread  directly  on  the  field  during  late  autumn 
or  winter,  or  to  haul  at  the  same  time  to  large  piles  in  the 
field,  to  be  spread  and  unmcdiatcly  ploughed  in  in  the  spring. 
The  results  indicate  that  on  land  sloping  moderately  the 
spring  application  is  to  be  preferred,  as  the  crops  are  more 
than  sufGcicntly  large  to  cover  the  extra  cost  of  rehandling 
the  manure. 

XIV.  —  To  determine  the  value  of  alfalfa  as  a  forage  croj) 
for  this  locality.  The  results  of  a  number  of  years  are 
quite  discouraging,  as,  Avitli  the  most  careful  attention  to 
tillage,  manuring  and  keeping  free  from  weeds,  the  crops 
are  exceedingly  small,  —  hardly  one-half  what  might  con- 
fidently be  expected  from  clover  under  similar  conditions. 

XV.  —  To  determine  whether  Maud's  AVonder  Forage 
Crop  and  Brazilian  millet  are  different  from  Pearl  millet. 
Results  indicate  that  these  three  crops  are  identical  in  every 
respect,  and  that  it  will  not  pa}^  farmers  to  give  the  high 
prices  demanded  for  the  old  and  long-known  Pearl  millet 
under  a  new  name. 

I.  —  The  Relative  Value  of  Manukes  furnishing  Nitro- 
gen. (Field  A.) 
A  detailed  description  of  the  plan  of  experiment  followed 
in  this  field  will  be  found  in  the  twelfth  annual  report.  The 
materials  under  comparison  are  barnyard  manure,  nitrate  of 
soda,  sulfate  of  ammonia  and  dried  blood.  These  wherever 
used  are  applied  in  such  (juantities  as  to  furnish  ecjual 
amounts  of  nitrogen.  There  are  three  plots  in  the  field  to 
which  no  nitrogen  in  any  form  has  been  applied.  All  the 
plots  in  the  field  receive  the  same  amounts  of  phosphoric 
acid  and  potash.  This  experiment  was  begun  in  1890,  and 
the  crops  which  have  been  grown  previous  to  this  year,  in 
the  order  of  succession,  are  :  oats,  rye,  soy  beans,  oats,  soy 
beans,  oats,  soy  beans,  oats,  oats,  clover  and  potatoes.     As 
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a  result  of  all  experiments  previous  to  this  year,  it  is  found 
that  the  materials  furnishing  nitrogen  have  produced  crops 
ran  king'  in  the  f olio  win  of  order  :  — 


Nitrate  of  soda,   . 

Barnyard  manure, 

Sulfate  of  ammonia,    . 

Dried  blood, 

The  plots  I'eceiving  no  nitrogen 


Per  Cent. 

100 

90 

89 
86 
68 


The  crop  for  this  year  was  soy  beans.  Growth  was 
vigorous  and  healthy,  the  crop  on  all  plots  good.  The 
yields  are  shown  in  the  following  table  :  — 


Yield  of  Soy  Beans  per  Acre. 


Plots. 

Nitrogen  Fertilizer. 

r>ean8 
(Bushels). 

Straw 
(Pounds). 

Plot   0, 

Barnyard  manure, 

32.75 

2,700 

Plot   1, 

Nitrate  of  soda, 

31.55 

2,750 

Plot   2, 

Nitrate  of  soda, 

32.75 

2,500 

Plot   S, 

Dried  blood,     . 

28.62 

2,600 

Plot   4, 

No  nitrogen,     . 

28.97 

2,600 

Plot   6, 

Ammonium  sulfate 

28.10 

2,300 

Plot   6, 

Ammonium  sulfate 

31.03 

3,050 

Plot   7, 

No  nitrogen,    . 

25.86 

3,350 

Plot   8, 

Ammonium  sulfate 

28.97 

2,550 

Plot   9, 

No  nitrogen,     . 

27.93 

2,200 

Plot  10, 

Dried  blood,     . 

33.28 

2,600 

The  average  results  are  as  follows 


Fertilizer. 


Beans 
(Bushels). 


Straw 
(Pounds). 


Average  of  the  no-nitrogen  plots  (3) , 

Nitrate  of  soda  plots  (2) ,  . 

Dried  blood  plots  (2), 

Sulfate  of  ammonia  plots  (3) ,  . 


27.59 
32.15 
30.95 
29.37 


2,386.7 
2,650.0 
2,600.0 
2,633.3 


The  relative   standing  of  the   different  manures  in   the 
yield  of  grain  is  :  — 
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Per  Cent. 

Manure, 100.0 

Nitrate  of  soda, 98.1 

Dried  blood, 94.5 

Sulfate  of  ammonia, 89 . 7 

No  nitrogen, 84.3 

In  yield  of  straw  the  rank  is  :  — 

Per  Cent. 

'  Barnyard  manure, 100.0 

Nitrate  of  soda, 98.1 

Sulfate  of  ammonia, 97.5 

Dried  blood, 96.3 

No  nitrogen, 88.4 

It  will  be  seen  tliat  the  different  materials  stand  more 
nearly  together  this  year  than  is  the  average  of  preceding 
years.  The  manure  stands  relatively  higher  than  in  former 
years,  but  the  fertilizers  stand  in  the  same  relative  order, 
nitrate  of  soda  proving  the  most  efficient  of  the  nitrogen 
fertilizers,  and  sulfate  of  ammonia  the  least  as  measured  by 
grain  production,  while  it  is  slightly  ahead  of  the  blood  in 
the  yield  of  straw.  The  comparatively  even  results  of  this 
year  are  doubtless  to  be  accounted  for  chiefly  by  the  fact 
that  the  crop  of  this  season,  the  soy  bean,  is  one  capable 
of  drawing  upon  the  atmosphere  for  a  considerable  share 
of  tlie  nitrogen  it  requires.  The  development  of  nodules 
upon  the  roots  of  the  crop  this  year  was  very  abundant.  In 
spite  of  this  fact,  it  will  be  noticed  that  the  crop  on  the 
no-nitrogen  plots  stands  considerably  below  that  on  the 
other  plots.  It  is,  however,  doubtless  much  more  nearly 
on  an  equality  with  them  than  would  have  been  the  case 
with  a  crop  not  belonging  to  the  clover  family. 

II.  —  The  Relative  Value  of  Muriate  and  High-grade 
Sulfate  of  Potash.  (Field  B.) 
This  experiment  has  been  in  progress  since  1892.  The 
object  is  to  determine  the  relative  value  for  different  crops 
of  the  two  leading  potash  salts,  muriate  and  sulfate,  when 
used  in  equal  quantities  continuously  upon  the  same  land. 
The  field  contains  eleven  plots,  of  one-eiglith  of  an  acre 
each.     Six  of  these  have  been  yearly  manured  with  muriate 
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of  potash  and  five  with  the  high-grade  sulfate  of  potash. 
These  salts  were  used  at  the  rate  of  400  pounds  per  acre 
from  1892  to  1899  inclusive  ;  in  1900  and  1901  the  rate  of 
application  has  been  250  pounds  per  acre.  All  plots  re- 
ceive yearly  an  application  of  fine-ground  bone,  at  the  rate 
of  600  pounds  per  acre.  Tlie  crops  grown  in  the  field  are 
rotated,  and  the  following  have  been  included  :  potatoes, 
field  corn,  sweet  corn,  grasses,  oats  and  vetch,  barley  and 
vetch,  winter  rye,  clovers  of  various  kinds,  sugar  beets, 
soy  beans  and  cabbages.  The  crops  have  been  almost  uni- 
formly large.  The  results  were  summarized  in  the  report 
of  last  year  as  follows  :  — 

Among  the  crops  grown,  the  potatoes,  clovers,  cabbages  and 
soy  beans  have  with  very  few  exceptions  done  much  the  best  on 
the  sulfate  of  potash  ;  while  the  yield  of  corn,  grasses,  oats,  bar- 
ley, vetches  and  sugar  beets  has  been  equally  good  on  the  muriate. 
The  quality  of  the  crops  of  potatoes  and  sugar  beets  produced  on 
the  sulfate  of  potash  plots  has  been  distinctly  better  than  that  of 
the  crops  produced  on  muriate  of  potash.  Taking  all  the  crops 
except  the  clovers  into  consideration,  if  we  represent  the  efficiency 
of  the  high-grade  sulfate  of  potash  by  the  number  100  that  of  the 
muriate  of  potash  is  98.1.  Taking  into  account  only  those  crops 
showing  the  preference  for  the  sulfate  of  potash,  and  representing 
the  efficiency  of  that  salt  by  the  number  100,  the  efficiency  of  the 
muriate  of  potash  is  88.6.*  The  present  difference  in  price  be- 
tween the  two  salts  is  only  about  $5  per  ton.  The  conclusion, 
therefore,  appears  to  be  warranted  that,  under  conditions  similar 
to  those  prevailing  in  this  experiment,  the  selection  of  the  sulfate 
rather  than  the  muriate  is  wise. 

The  crops  of  the  past  year  have  been  clovers  of  three 
kinds,  and  cabbages. 

A.  —  Clovers  {Sulfate  v.  Muriate  of  Potash). 
The  growth  of  the  clover  on  the  sulfate   of  potash  was 
considerably  better  than  on  the  muriate.     The  yields  are 
shown  below  :  — 

*  Qlov^rs  not  included,  because  weeds  have  not  been  separated  in  harvesting. 
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Muriate  v.  High-grade  Sulfate  of  Potash.  —  Clover  Hay  per 
Acre  (Pounds) . 


Variety. 


Muriate  of 
Potash. 


High-grade 

Sulfate  of 

Potash. 


Common  red  clover 

Mammoth  red  clover,      .... 
Alsike  clover  (a  portion  weighed  green), 


6,600 
7,312 
10.840 


7,387.5 
7,612.0 
14.290.0 


It  should  bo  .stated,  in  commenting  upon  these  results, 
that  the  crops,  as  in  former  years,  were  considerably  mixed 
with  weeds.  The  weights,  however,  Avhile  not  aflbrding  an 
accurate  basis  of  comparison  for  determination  of  tlie  pre- 
cise eflects  of  the  different  })otash  salts  on  the  clovers,  are 
not  misleading  as  to  the  nature  of  the  effect.  This  is  not 
magnified  by  the  figures,  but  rather  the  reverse,  for  the 
reason  that  where  the  growth  of  the  clover  is  less  luxuriant 
the  growth  of  the  weeds  is  proportionally  more  so. 

In  this  connection  attention  is  called  to  the  fact  that  two 
other  plots  in  the  field  are  now  in  clover  which  was  sown 
in  July.  These  plots  have  not  been  cut,  but  there  is  at 
the  present  time  a  gi'eat  difference  in  favor  of  the  sulfate 
of  potash  in  the  condition  of  the  clover  on  the  two  plots. 

In  conclusion,  concerning  the  merits  of  these  two  potash 
salts  for  clovers,  it  is  believed  that  the  sulfate  is  much  the 
safer.  Our  experiments  with  these  crops  have  extended  over 
many  years,  and  while  sometimes  the  yield  on  the  muriate 
of  potash  is  as  great  as  that  on  the  sulfate,  there  have  been 
many  more  instances  when  the  yield  on  the  sulfate  has  been 
much  the  better.  The  difference  in  favor  of  this  salt  ap- 
pears to  be  greater  in  proportion  as  the  rainfall  is  abundant. 
It  seems  probable  that  this  fact  is  due  to  the  greater  loss  of 
lime,  which,  in  association  with  the  acid  of  the  nmriate,  is 
washed  out  of  the  soil  in  considerable  quantities  Avhenever 
climatic  conditions  favor  soil  leachinsr. 


B.  —  Cabbages. 
The  crop  of  cabbages  on  both  the  potash  salts  used  was 
good,  at  the  rate  per  acre  of  33,(>80  pounds  on  muriate  of 


20  HATCH    EXPERIMENT    STATION.  [Jan. 

potash  and  30,600  pounds  on  sulfate.  The  yield  on  the 
muriate  is  somewhat  better  than  on  the  sulfate,  —  a  result 
which  is  at  variance  Avith  results  Avhich  have  been  obtained 
in  some  previous  years.  Clearly,  climatic  conditions  have 
an  important  influence  in  determining  the  manurial  effect 
of  these  salts, 

m.  —  Fertilizers  for  Garden  Crops.      (Field  C.) 

The  experiments  upon  which  the  conclusions  now  pre- 
sented are  based  have  been  in  progress  since  1891.  Up  to 
1898,  chemical  fertilizers  alone  were  used.  During  the  past 
four  years  stable  manure  has  been  applied  in  equal  quanti- 
ties (at  rate  of  30  tons  per  acre)  to  each  of  the  plots,  wliile 
the  chemical  fertilizers  have  been  used  in  the  same  amounts 
and  applied  to  the  same  plots  as  at  first.  Tlie  crops  grown 
during  this  series  of  years  have  included  all  important  out- 
door garden  crops,  viz.,  spinach,  lettuce,  onions,  garden 
peas,  table  beets,  early  cabbages,  late  cabbages,  potatoes, 
tomatoes,  squashes,  tiu'nips,  sweet  corn  and  celery ;  and 
one  small  fruit,  —  strawberries.  The  experiments  have 
been  planned  with  reference  to  throwing  light  especially 
upon  two  points  :  — 

A. — The  relative  value  of  nitrate  of  soda,  sulfate  of  am- 
monia and  dried  blood  as  sources  of  nitrogen. 

B.  —  The  relative  value  of  sulfate  of  potash  and  muriate 
of  potash. 

These  two  points  will  be  separately  discussed  :  — 

A.  —  The  Relative  Value  for  Garden  Crops  of  Nitrate  of 

Soda,  Sulfate  of  Ammonia  and  Dried  Blood  as  Sources 

of  JViirogen. 

The  tliree  fertilizers  used  as   sources  of  nitrogen  have 

from  the  first  been  applied  in  such  amounts  as  to  furnish 

equal  nitrogen  to  each  plot,  and  each  fertilizer  is  always 

applied  to  the  same  plot.     Each  of  the  nitrogen  fertilizers 

is  used  on  tw^o  plots,  —  on  one  wdth  sulfate  of  potasli,  on 

the  other  with  muriate.     Dissolved  bone-black,  as  a  source 

of  phosphoric  acid,  is  applied  in   equal  quantities  to  all 
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plots.     The  results  previous  to  this  year  were   thus  sum- 
marized in  the  last  aimual  report :  — 

Taking  into  account  the  periods  wlien  chemical  fertilizers  only 
Avere  used,  and  the  crops  (spinach,  lettuce,  onions,  table  beets, 
garden  peas  and  carl}'  cabbages)  whose  peritxl  of  growth  is  the 
comparatively  early  part  of  the  season,  we  find  tlie  relative  elli- 
cieucy  of  the  different  materials  used  as  the  source  of  nitrogen  :  — 

Per  Cent. 

Nitrate  of  soda, 100.0 

Dried  blood, 86.6 

Sulfate  of  ammonia 83.6 

For  the  same  periods,  and  taking  into  account  those  crops 
(tomatoes,  garden  beans  and  sweet  corn)  making  much  of  their 
growth  after  hot  weather  fairly  sets  in,  we  find  the  relative  stand- 
ing as  follows :  — 

Per  Cent. 

Nitrate  of  soda, 100.0 

Dried  blood, 97.8 

Sulfate  of  ammonia, 103.5 

For  the  period  since  manure  has  been  applied,  and  taking  into 
account  the  early  crops  only  (spinach,  lettuce,  table  beets,  onions, 
garden  peas  and  potatoes) ,  the  relative  standing  is  :  — 

Per  Cent. 

Nitrate  of  soda, 100.0 

Dried  blood, 88.8 

Sulfate  of  ammonia, .        .61.7 

For  the  same  period,  taking  into  account  the  aggregate  yield  of 
all  the  late  crops  (tomatoes,  cabbages,  turnips,  squashes  and 
celery),  the  relative  standing  is  :  — 

Per  Cent. 

Nitrate  of  soda,  100.0 

Dried  blood, 97.8 

Sulfate  of  ammonia, 91.9 

The  crops  for  the  past  year  have  been  onions,  lettuce, 
table  beets,  late  cabbages,  garden  peas,  celery  and  English 
turnips  (both  as  second  crops)  and  strawberries.  The 
average  rates  of  yiekl  per  plot  for  each  of  the  nitrogen  fer- 
tilizers is  shown  in  the  following  table  :  — 
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Nitrogen  Fertilizers  compared  as  Fertilizers  for  Oarden  Cro}'>s. 
—  Yield  per  Plot  (Pounds). 


AVERASB    OF    Two 

Plots. 

Table 
Bebts. 

Garden 
Peas. 

0 

Turnips. 

n 
o 

■3 
0 

0 

1 

0 

a 

.0 

5 

a 
> 

1 

0 

0 

"a 
0 

Nitrate  of  soda, 

425.0 

110.0 

151.0 

125 

868.75 

54.1 

68.8 

41.25 

1,167.5 

550.0 

1,067.5 

Sulfate  of  ammonia, 

207.5 

40.0 

65.3 

73 

785.50 

64.6 

81.3 

44.87 

1,072.5 

580.0 

455.0 

Dried  blood,    . 

365.0 

97.5 

136.0 

115 

915.50 

55.8 

67.5 

75.46 

1,102.5 

627.6 

945.0 

It  will  be  seen  that  for  most  of  the  crops  the  results  are 
similar  to  the  average  results  of  preceding  years.  Com- 
bining the  results  of  this  year  with  those  of  previous  years, 
the  relative  standing  of  the  different  fertilizers  used  as 
sources  of  nitrogen  is  as  follows  :  — 

For  the  earlj^  crops,  i.e.,  crops  making  most  of  their 
growth  before  mid-summer,  including  onions,  lettuce,  table 
beets,  garden  peas,  and  strawberries  :  — 

Per  Cent. 

Nitrate  of  soda, 100.0 

Dried  blood, 92.7 

Sulfate  of  ammonia, 54.8 

For  late  crops,  including  cabbages,  turnips  and  celery  :  — 

Per  Cent. 

Nitrate  of  soda, 100.0 

Dried  blood, 98.7 

Sulfate  of  ammonia, 77.5 

The  superiority  of  nitrate  of  soda  as  a  source  of  nitrogen 
for  most  garden  crops,  indicated  by  the  results  of  preced- 
ing years,  is  still  further  confirmed  in  the  case  of  most  of 
the  crops  by  the  results  of  this  year.  Nitrate  of  soda, 
among  the  various  nitrogen  fertilizers,  furnishes  a  pound  of 
nitrogen  at  present  prices  at  lower  cost  than  an}^  other  fer- 
tilizer which  is  fairly  available.  These  facts  make  it  evi- 
dent that  it  should  usually  be  selected,  especiall}"  for  early 
crops.  Experiments  here  and  elsewhere  indicate  that,  if 
soil  on  which  sulfate  of  ammonia  is  used  is  heavily  limed, 
its  rate  of  availability  is  much  increased.  The  purchase 
and  application  of  lime,  however,  adds  to  the  cost  of  the 
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crop ;  and,  even  di.srogarding  the  lime,  as  the  pound  of 
actual  nitrogen  at  current  prices  for  sulfate  of  ammonia 
costs  more  than  the  same  (juantity  at  current  prices  for  ni- 
trate of  soda,  the  latter  is  clearly  economically  preferable, 
if  simply  equally  effective.     We  have  found  it  more  so. 

B.  —  The  Relative  Value  of  Sulfate  and  Muriate  of  Potash 
for  Garden  Crops. 
The  history  of  the  plots  where  these  two  potash  salts  are 
under  comparison  has  been  given  under  section  A.  The 
crops  are  of  course  the  same  as  those  which  have  been  named 
under  that  section.  p]ach  potash  salt  is  used  on  three  plots, 
?'.e.,  with  each  of  the  three  nitrogen  fertilizers.  The  results 
of  the  past  year  are  shown  in  the  following  table  :  — 


Sulfate  and  Muriate  of  Potash  compared  as  Fertilizers  for  Gar- 
den  Crops.  —  Yield  per  Plot  (Pounds). 


In  commenting  upon  the  results  obtained  in  comparing 
these  two  fertilizers  last  year,  the  following  tables  were  pre- 
sented :  — 

Before  Mamire  was  used,  — 1891-97. 


Fertilizer. 

Early  Crops 
(Percent.). 

Late  Crops 
(Percent.). 

Sulfate  of  potash 

100.0 
91.3 

100.0 

Muriate  of  potash 

91.5 

After  Manure  was  used, 

—  1898-1900. 

Fertilizer. 

Early  Crops 
(Percent.). 

Late  Crops 
(Percent.). 

100.0 
80.1 

100.0 

98  8 
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Including  the  crops  of  the  past  year,  the  standing  is 
shown  below  ;  under  the  headings  early  and  late  crops  re- 
spectively are  included  those  specified  in  section  A :  — 


Fertilizer. 


Early  Crops 
(PerOeut.). 


Late  Crops 
(Per  Cent.). 


Sulfate  of  potash, 
Muriate  of  potash, 


100.0 
92.6 


100.0 
103.0 


It  will  be  noticed  that  for  the  earl}''  crops  the  sulfate  of 
potash  is  superior  to  the  muriate,  while  for  the  late  crops, 
including  those  of  this  year,  muriate  stands  slightly  ahead. 
This  has  not  been  the  case  in  earlier  years,  but  the  nature 
of  the  diflerence  has  always  been  the  same.  The  sulfate 
should  undoubtedly  be  preferred  for  early  crops,  unless  the 
soil  is  heavily  limed,  in  which  case  results  here  and  in  many 
other  places  indicate  that  the  muriate  may  answer  equally 
well. 


IV.  —  The  Relative  Value  of  Different  Phosphates. 

(Field  F.) 
The  object  of  this  experiment  is  to  determine  whether  it 
is  more  profitable  to  employ  cheaper  natural  phosphates, 
or  one  of  the  higher  priced  dissolved  phosphates.  The 
articles  compared  arc  dissolved  bone-black,  ground  South 
Carolina  rock,  ground  Florida  rock,  Mona  guano  and  phos- 
phatic  slag.  These  phosphates  were  applied  during  the 
years  1890  to  1893,  on  the  basis  of  equal  money's  worth. 
The  amounts  of  phosphoric  acid  supplied  to  the  several 
plots  on  this  basis  have  of  course  varied  widely,  as  the 
prices  of  the  materials  differ  greatly .  The  actual  amounts  of 
phosphoric  acid  supplied  the  several  plots  are  as  follows  :  — 


Plots. 


Fertilizer. 


Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 
Plot  5. 


Phosphatic  slag, 

Mona  guano 

Ground  Florida  rock  phosphate, 
Ground  South  Carolina  rock,    . 
Dissolved  bone-black, 


96.72 

72.04 

165.70 

144.48 

45.36 
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Since  1893  no  phosphate  has  been  ai)plied  to  any  part  of 
the  field.  The  object  in  view  in  withholding  phosphates 
has  been  to  test  the  lasting  ((ualities  of  the  several  mate- 
rials. At  the  beginning  of  the  present  season,  supposing 
the  crops  harvested  to  have  been  of  average  composition, 
and  that  there  has  been  no  loss  of  phosphoric  acid  by  leach- 
ing (which  is  improbable),  there  mast  have  remained  of  the 
total  phosphoric  acid  applied  to  the  several  plots  the  fol- 
lowing amounts  in  each  :  — 

Pounds. 

Phosphatic  slag,        .         .         .         .         .         .         .         .53.6 

Mona  guauo,      .         . 29.7 

Florida  phosphate,    .         .         .         .         .         .         .         .     132.4 

South  Cai'oliua  rock  pho.sphate,        .....     102.0 

Dissolved  bone-black, 9.5 

Throughout  the  entire  period  of  the  experiment  (1890  to 
date),  materials  supplying  nitrogen  and  potash  have  been 
applied  in  e(iual  amounts  to  all  plots.  Since  1893  the 
(juantities  applied  have  been  made  very  large,  in  order  to 
make  it  certain  that  the  crops  grown  may  find  in  the  soil  all 
the  nitrogen  and  potash  they  can  possibly  need.  All  the 
plots  in  the  field  were  limed  at  the  rate  of  one  ton  to 
the  acre  of  quick-lime,  slaked,  spread  after  ploughing  and 
deepfy  worked  In  with  a  harrow  in  the  spring  of  1898. 
The  crops  which  have  been  raised  on  the  field  previous  to 
this  year,  in  the  order  of  their  succession,  are  potatoes, 
wheat,  scrradella,  corn,  barley,  rye,  soy  beans,  Swedish 
turnips,  corn,  oats  and  cabbages.  Representing  the  yield 
on  the  plot  giving  the  highest  returns  by  100,  the  relative 
efficiency*  of  the  dift'erent  phosphates  at  the  beginning  of 
this  year  stood  as  follows  :  — 

Per  Cent. 

Phosphatic  slag, 100.0 

Ground  South  Carolina  rock, 92.3 

Dissolved  bone-black, .90.7 

Mona  guano, 88.3 

Florida  phosphate, 71.5 

Taking  into  account  the  crops  grown  since  1895,  when  for 
the  first  time  a  plot  to  wlilch  no  phosphate  was  a])pllcd  was 
included,  the  phosphates  have  the  following  relative  rank  :*  — 

*  Swedish  turnips,  grown  in  1897,  have  not  Jjeen  included  in  computing  these 
percentages  as  that  crop  was  alFected  by  disease  not  apparently  connected  with  the 
fertilizers  used. 
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Ground  South  Carolina  rock, 
Phosphatic  slag-, 
Dissolved  bone-black, 
Mona  guano, 
Florida  phosphate,    . 
No  phosphate,  . 


Per  Cent. 

100.0 
99.0 
97.7 
95.4 
64.2 
55.4 


The  crop  this  year  has  been  oats,  of  the  Early  Race-horse 
variety.  Tlie  soil  was  well  prepared,  the  crop  sown  May  6. 
The  growth  was,  so  far  as  could  be  seen,  unaffected  by  acci- 
dental conditions.  There  were,  however,  more  weeds  on 
plots  3  and  4  than  elsewhere  ;  and,  as  it  was  impossible  to 
separate  these  completely  in  handling  the  crop,  some  of 
them  Avere  weighed  with  the  straw.  The  figures  represent- 
ing weights  of  straw  for  tliese  plots,  especially  for  plot  3, 
on  which  weeds  were  most  abundant,  are  therefore  without 
doubt  to  some  extent  misleading.  The  several  plots  pro- 
duced yields  at  the  following  rates  per  acre  :  — 


Comparison 

of  Phosphates.  — Yield  of  Oats  per  J 

icre. 

Plots. 

Fertilizer. 

Grain 
(Bushels). 

Straw 
(Pounds). 

PlotO,    .... 

No  phosphate, 

18.24 

365 

Plotl 

Phosphatic  «lag, 

21.00 

1,208 

Plot  2 

Mona  guano, 

17.59 

1,059 

Plots 

Ground  Florida  rock 

13.98 

1,447 

Plot  4,    .... 

Groxind  South  Carolina  rock, 

19.96 

1,201 

Plots 

Dissolved  bone-hlack 

16.63 

1,058 

Representing  the  yield  of  grain  on  plot  1  by  the  number 
100,  the  relative  standing  of  the  other  plots  is  shown  by 
the  followinof  table  :  — 


Plots. 


Fertilizer. 


Per  Cent. 


Plot  0, 
Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 
Plot  5, 


No  phosphate,     . 
Phosphatic  slag, 
Mona  guano. 
Ground  Florida  rock. 
Ground  South  Carolina  rock. 
Dissolved  bone-black, 


100.0 
83.8 


95.0 
79.2 
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The  plots  which  stand  highest  this  year  arc  the  same  as 
those  standing  highest  in  the  general  averages  which  have 
been  shown  above,  viz.,  the  ones  receiving  phosi)hatic  slag 
and  ground  South  Carolina  rock  phosphate.  The  low  stand- 
ing of  the  plot  which  received  Florida  phosphate  is,  as  in 
former  years,  very  striking ;  it  stands  this  year  below  the 
no-phosphate  plot.  It  should  be  remembered,  however, 
that  the  latter  has  not  been  included  in  this  experiment  as 
long  as  the  Florida  phosphate  plot ;  and  it  may  well  be  that 
the  original  store  of  phosphoric  acid  in  the  soil  of  the  no- 
phosphate  plot  is  to  a  much  less  degree  exhausted  than  is 
the  case  on  the  other  plots.  It  must  be  concluded  that  the 
phosphoric  acid  supplied  by  the  Florida  i)hosphate  is  in  a 
form  of  combination  rendering  it  exceedingly  unavailable. 

In  the  writer's  opinion,  the  oat  crop  is  a  much  less  certain 
indicator  as  to  the  condition  of  the  soil  as  reo-ards  available 
phosphoric  acid  than  are  the  crops  belonging  to  the  cabbage 
and  turnip, family.  This  is  indicated  by  the  fact  that  the 
differences  in  yields  with  oats  this  year  are  much  less  than 
were  the  differences  Avitli  turnips  and  cabbages.  As  the 
turni})s,  as  already  stated,  were  badl}'  affected  by  disease, 
figures  for  this  crop  are  not  presented.  The  relative  yields 
witli  r.ibbages  last  year  were  as  follows  :  — 

Per  Cent. 

South  Carolina  rock  phosphate, 100.0 

Dissolved  l)one-black,       .        .        .        .         •        .        .73.0 
Phosphatic  slag,         .         .         .         .         .         .         .         .60.0 

Mona  guano, 55.3 

Florida  rock  pho.sphate,    .         .         .         .         .         .         .14.7 

No  phosphate, 6.9 

It  should  be  noticed  that  the  relative  position  of  the  sev- 
eral phosphates  is  nearly  the  same  as  this  year,  but  the  dif- 
ferences are  far  greater. 

In  conclusion,  attention  is  called  to  the  fact  that  the  crops 
on  this  field  in  recent  years  ha\'c  not  been  satisfactory  in 
amouni,  even  on  the  best  plot.  The  fact  that  no  pluxs- 
phoric  acid  in  any  "form  has  been  applied  during  the  last 
nine  years  sufficiently  accounts  for  the  relatively  small 
yields.  Our  results,  however,  indicate  a  relatively  high 
degree  of  availability  for  the  phosphoric  acid  contained  in 
the  South  Carolina  rot'k  and  in  [)hosphatic  slag.     There  can 
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be  no  doubt  that  profitable  crops  of  most  kinds  can  be  pro- 
duced by  liberal  use  of  these  natural  phosphates ;  and  in  a 
long  series  of  years  there  would  be  a  considerable  money 
saving  in  depending,  at  least  in  part,  upon  these  rather  than 
upon  the  higher-priced  dissolved  phosphates.  It  may,  how- 
ever, be  doul)ted  whether,  under  the  conditions  prevailing 
in  ordinary  farm  or  garden  practice,  it  is  ever  wise  to  de- 
pend exclusively  upon  the  natural  phosphates.  The  best 
practice  would  probably  be  found  to  consist  in  using  one 
of  these  in  part,  and  in  connection  Avith  it  a  moderate  quan- 
tity of  one  of  tlie  dissolved  phosphates. 

V.  —  The  Cojviparison  of  Phosphates  on  the  Basis  of 
Equal  Application  of  Phosphoric  Acid. 

The  phosphates  under  comparison  on  this  basis  include 
apatite,  South  Carolina  rock  phosphate,  Florida  soft  phos- 
phate, phosphatic  slag,  Tennessee  phosphate,  dissolved  bone- 
black,  raw  bone,  dissolved  bone,  steamed  bone  and  acid 
phosphate.  The  experiments  have  been  in  progress  five 
years,  each  phosphate  being  applied  yearly  to  the  same 
plot.  There  are  three  no-phosphate  plots,  which  serve  as  a 
basis  for  comparison.  The  plots  are  one-eighth  of  an  acre 
each  in  area. 

The  phosphates  yearly  applied  are  used  in  quantities  suf- 
ficient to  furnish  actual  phosphoric  acid  at  the  rate  of  DG 
pounds  to  the  acre.  All  plots  are  manured  alike  with  ma- 
terials furnishing  nitrogen  and  potash  in  available  forms 
and  in  equal  amounts  to  each.  The  materials  used  furnish 
nitrogen  at  the  rate  of  52  pounds  and  potash  at  the  rate  of 
152  pounds  per  acre.  The  preceding  crops  have  been  : 
corn,  cabbages,  corn,  and  in  1900  oats  for  hay,  and  Hun- 
garian grass,  also  cut  for  hay.  The  yields  of  all  these 
crops  have  been  large,  even  on  the  three  plots  in  the  field 
which  received  no  pliosphate.  The  results  have  been  ren- 
dered somewhat  obscure  by  the  natural  variation  in  the  pro- 
ductiveness of  the  plots  in  different  parts  of  the  field. 
Plot  1,  which  receives  no  phosphoric  acid,  is  naturally 
much  more  fertile  than  any  other  plot  in  the  field,  and  in 
estimating  the  significance  of  the  results  this  plot  should  be 
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disregarded.  The  crop  for  the  present  year  has  been  onions. 
As  has  been  the  case  throughout  this  part  of  the  State,  the 
onion  crop  suffered  from  blight.  Our  yields  of  sound  and 
merchantal)le  onions  arc  therefore  comparatively  small.  The 
results  are  shown  in  the  table  :  — 


Onions  on  Plots  manured  with  Equal  Amounts  of  Phosphoric 

Acid. 


Plots. 


Fertilizer. 


Onions 

(Bushels  per 

Acre). 


SoallioDR 

(Pounds  per 

Acre). 


Plot   1,  . 

Plot   2,  . 

Plot    3,  . 

Plot   4,  . 

Plot    5,  . 

Plot   6,  . 

Plot    7,  . 

Plot    8,  . 

Plot   9,  . 

Plot  10,  . 

Plot  11,  . 

Plot  12,  . 
Plot  13,  •  . 


No  pliosphate, . 
Apatite,     .... 
South  Carolina  rock  phospate 
Florida  soft  phosphate,  . 
Phosphatio  slag, 
Tennessee  phosphate,     . 
Xo  phosphate, . 
Dissolved  bone-black. 
Raw  bone, 

Dissolved  bone  meal, 
Steamed  bone  meal, 
Acid  phosphate, 
No  phosphate, .        . 


278.5 
222.3 
235.4 
150.6 
251.8 
205.7 
141.4 
209.5 
252.3 
213.2 
187.8 
187.8 
123.4 


1,280 

1,840 

1,800 

2,280 

1,160 

1,720 

2,000 

600 

640 

600 

560 

920 

1,800 


The  conclusions  stated  last  year  were  as  follows  :  — 

1.  The  pliosphatic  slag  evidently  furnished  phosphoric  acid  in 
an  exceedingly  available  form,  the  yield  this  year  being  almost 
equal  to  that  on  the  dissolved  bone-black. 

2.  The  Florida  soft  phosphate  is  apparently  a  very  inferior 
material,  the  phosphoric  acid  evidently  becoming  available  only 
with  great  slowness. 

3.  Steamed  bone  meal  appears  to  be  inferior  in  avaihibility  to 
raw  l)oue  meal. 

The  results  of  this  year  are  in  most  particulars  similar. 
Phosphatic  slag,  it  is  true,  is  exceeded,  by  a  small  fraction 
of  a  bushel  of  merchantable  onions,  by  raw  bone  meal,  but 
it  gives  a  larger  total  crop.  Dissolved  bone-black  stands 
relatively  lower  than  last  year.  Raw  bone  meal,  as  last 
year,  is  superior  to  steamed  bone  meal.     The  Florida  soft 
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phosphate  gives  a  very  inferior  crop,  —  the  poorest,  indeed, 
in  merchantable  onions  of  any  phosphate  used.  This  result 
is  strikingly  confirmatory  of  the  results  obtained  in  the  field 
where  phosphates  are  under  comparison  on  the  basis  of 
e(|ual  money's  worth. 

VI.  —  Comparison  of  Different  Potash  Salts  for  Field 
Crops.     (Field  G.) 

Since  1898  the  following  potash  salts  have  been  under 
comparison  for  various  field  crops  :  kainite,  high-grade  sul- 
fate, low-grade  sulfate,  muriate,  nitrate,  carbonate  and  sili- 
cate. Each  is  applied  annually  to  the  same  plot,  and  all 
are  used  in  such  quantities  as  to  furnish  equal  potash  to 
each  plot.  All  plots  are  e(|ually  manured  with  materials 
furnishing  nitrogen  and  phosphoric  acid.  There  arc  forty 
plots,  in  five  series  of  eight  plots  each,  each  series  including 
a  no-potash  plot  and  one  for  each  potash  salt  used.  The 
area  per  plot  is  about  one-fortieth  of  an  acre.  The  crops 
the  present  year  have  been  wheat  on  one  series  of  eight 
plots,  and  corn  of  four  different  varieties  on  the  other  four 
series. 

A.  —  Wheat. 

The  variety  of  wheat  was  the  Turkish  Eed  Winter,  seed 
of  which  was  received  from  the  United  States  Department 
of  xVgriculture.  The  soil  is  rather  heavy,  and  the  seed  was 
received  so  late  that  it  was  got  in  somewhat  later  than  de- 
sirable, viz.,  October  13.  It  was  sown  broadcast  at  the 
rate  of  five  pecks  to  the  acre,  and  covered  with  the  Acme 
harrow.  Owing  no  doubt  chiefly  to  the  lateness  of  sowing, 
there  was  some  winter-killing.  This  was  most  severe  on 
the  no-potash,  kainite  and  the  two  sulfate  plots.  The 
whole  field  was  harrowed  about  the  middle  of  May.  The 
growth  was  unusually  health}^  for  this  section,  although  all 
plots  were  slightly  affected  by  rust.  The  grain  was  plump, 
hard  and  of  good  quality.     The  yields  were  as  follows  :  — 
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Plots. 


Potash  Salt. 


Grain 

(Bushels). 


Straw 
(Pounds). 


Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 
Plot  5, 
Plot  6, 
Plot  7, 
Plot  8, 


No  potash 

Kainite, 

High-grade  »ulfato  of  potash, 
Low-grade  sulfate  of  potash, 
Muriate  of  potash,  . 
Nitrate  of  potash,   . 
Carbonate  of  potash, 
Silicate  of  potash,  . 


8.19 
10.43 
14.16 
14.15 
1.5.64 
16.38 
14.89 
17.13 


1,609 
1,475 
1,877 
2,595 
1,877 
3,083 
2,458 
2,055 


B.  —  Coni. 
As  already  stated,  the  corn  was  of  four  varieties.  These 
varieties  were  as  follows  :  Eureka,  a  large  dent  corn,  seed 
obtained  from  Koss  Bros.  ;  Boston  Market  Ensilage,  a  large 
dent  variety,  seed  obtained  from  Joseph  Breck  &  Sons ; 
TA'aming  Field,  a  moderately  large  dent  variety,  seed  obtained 
from  Gregory  ;  Rural  Thoroughbred,  a  large  and  late  white 
flint  variety,  seed  obtained  from  Landreth.  All  varieties 
were  planted  June  (3.  The  field  was  given  good  care 
throughout  the  season,  growth  was  normal  and  healthy, 
unaffected  by  accidental  conditions  which  influenced  results, 
though  all  varieties  were  somewhat  broken  down  by  a  storm 
Avliieh  occurred  on  September  11.  The  corn  was  cut  Sep- 
tember 13  and  14,  and  weighed  within  twenty-four  bom's. 
The  average  for  the  several  fertilizers  was  as  follows  :  — 


Corn.  —  Average  Yield  of  Four  Varieties. 


PoTABH  Salt. 

No  potash, 

Kainite 

High-grade  sulfate  of  potash,  . 
Low-grade  ("ulfate  of  potash,  ... 

Muriate  of  potash, 

Nitrate  of  potash, 

Carbonate  of  potash,        .... 
Bilicate  of  potash, 


Pounds 
per  Acre. 


37,810 
40,610 
37,530 
39,375 
40,490 
40,435 
40,155 
39.240 


The  only  feature  of  the  results  to  which  especial  attention 
is  called  is  the  comparatively  large  yields  obta,ined  on  the 
muriate  and  nitrate,  and  the  good  yields  on  the  compara- 
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tively  new  fertilizers,  carbonate  and  silicate,  which  it  would 
seem  must  possess  a  high  degree  of  availability. 

VII.  —  Varieties  of  Ensilage  Corn  compared. 
The  varieties  of  ensilage  corn  used  in  the  comparison  of 
potash  salts,  viz..  Eureka,  Boston  Market,  Leaming  Field 
and  Eural  Thoroughbred,  were  grown  under  conditions  which 
make  it  possible  to  compare  them  accurately  the  one  with 
the  other ;  and  this  comparison  seems  worth  while,  on  ac- 
count of  the  diversity  in  the  practice  of  farmers,  many  of 
whom  cultivate  excessively  large  and  late  varieties  of  ensi- 
lage corn,  on  account  of  the  heavy  yields  obtained.  The 
aggregate  yield  of  the  varieties  under  trial  was  at  the  follow- 
ing rates  per  acre  :  — 

Pounds. 

Evireka, 47,960 

Boston  Market, 38,200 

Leaming  Field, 34,520 

Rural  Thoroughbred, 36,150 

The  following  notes  were  taken  on  the  several  varieties 
just  previous  to  harvest :  — 

Eureka  :  a  late  dent ;  average  height,  about  15  feet ;  very 
heavily  leaved  ;  stalks,  1%  to  2  inches  in  diameter ;  ears  just 
forming. 

Boston  Market:  late  dent;  height,  11  to  12  feet;  stalks, 
ll^  to  1%  inches  in  diameter ;  ears  large,  roasting  stage ; 
leaves  quite  abundant. 

Leaming  Field :  medium  dent ;  average  height,  10  feet ; 
leaves  comparatively  few  ;  stalks  medium  ;  ears  large,  be- 
ginning to  dent ;  the  earliest  of  the  four  varieties. 

Rural  Thoroughbred  :  late  white  flint ;  average  height, 
about  10  feet;  stalks  large,  many  V/^  inches  in  diameter; 
heavily  leaved  ;  a  few  suckers  (these  increase  weight  but 
little,  and  are  troublesome  to  handle)  ;  ears  large,  heavy, 
often  two  per  stalk ;  not  quite  in  milk. 

The  Eureka,  giving  the  best  yield,  at  the  rate  of  almost 
24  tons  to  the  acre,  would  be  preferred  by  many  farmers, 
but  in  view  of  the  results  of  analyses  it  seems  doubtful 
whether  this  preference  is  justified  by  the  facts.  The  table 
shows  the  total  food  substance  per  acre  aflbrded  by  each  of 
the  varieties :  — 
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Field  G. —  Varieties  of  Ensilage  Corn,  Food  Substance  per  Acre 

(^Pounds). 


Vabiett. 

Dry 
Matter. 

ABh. 

Protein. 

Crude 
Fibre. 

Nitrogen- 
free 
Extract 
Matter. 

Fat. 

Eureka, 

Boston  Market 

Learning  Field, 

Rural  Thoroughbred, 

8,944 
6,884 
7,624 
7,923 

468.7 
369.3 
343.9 
423.1 

613.5 
505.9 
616.2 
626.7 

2,951.0 
2,183.0 
1,839.5 
2,140.0 

4,790.0 
3,701.0 
4,547.0 
4,614.0 

120.8 
104.3 
176.8 
118.8 

Examination  of  the  tabic  shows  that  the  variety  giving  the 
heaviest  yield  (green  weight)  also  furnishes  the  greatest 
number  of  pounds  total  dry  matter ;  but  when  we  compare 
the  figures  of  the  other  columns  in  the  table,  it  will  be  seen 
that  this  excess  of  dry  matter  is  made  up  entirely  of  fibre 
and  nitrogen-free  extract,  which  are  the  least  valuable  con- 
stituents. In  total  yield  of  protein  (the  most  valuable  con- 
stituent) the  Eureka  is  exceeded  by  two  varieties,  —  Learning 
Field  and  Rural  Thoroughbred  ;  in  yield  of  fat  it  is  much 
exceeded  by  the  Leaming  Field.  It  would  seem  the  last- 
named  variety,  though  giving  the  smallest  yield,  should  be 
preferred.  One  pound  of  digestible  fat  is  commonly  con- 
sidered to  have  a  food  value  equal  to  two  and  one-half  pounds 
of  digestible  fibre,  or  extract  matter.  Fat  is  commonly 
equally  as  digestible  as  nitrogen-free  extract,  and  is  less 
afl'ccted  by  the  fermentations  which  go  on  in  the  silo  than 
are  the  starches  and  sugar  (extract  matter).  It  is  more 
digestible  than  fibre.  In  corn  which  is  approaching  maturity 
the  proportion  of  starch  is  comparativcl}'  high  ;  this  food 
substance  is  at  that  time  abundantly  stored  in  the  grain. 
As  corn  approaches  maturity,  while  the  starch  increases, 
the  proportion  of  sugar  in  the  juice  of  the  plant  decreases. 
Sugtir  in  green  corn  fodder  is  a  valuable  food  substance,  but 
in  the  silo  the  sugar  is  largely  converted  into  acid,  and  acid 
has  no  food  value.  Starch,  while  it  may  suffer  some  loss  in 
the  silo,  is  far  less  aflt!cted  than  is  sugar.  Other  things 
being  equal,  the  imniatur(!  corn  will  make,  under  average 
silo  conditions,  a  more  acid  silage  than  corn  which  is  nearer 
ripe.  Tlu;  large  proportion  of  water  in  inunature  corn,  as 
well  as  the  relatively  large  amount  of  sugar,  favor  de\'elop- 
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ment  of  acid.  Silage  from  immature  corn,  then,  is  likely  to 
be  excessively  sour,  and  is  for  that  reason  less  desirable  than 
silage  from  more  matm^e  corn. 

The  chief  points,  then,  which  may  be  urged  against  the 
selection  of  excessively  late  varieties  of  corn  for  ensilage, 
are  as  follows  :  — 

1.  Much  greater  bulk  and  water  in  proportion  to  actual 
food  value. 

2.  Greater  probable  waste  in  the  manger,  on  account  of 
the  refusal  of  the  animals  to  eat  the  very  thick  and  coarse 
stalks. 

3.  Such  corn,  while  furnishing  more  dry  matter,  contains  in 
larger  proportion  the  less  valuable  food  substances  (fibre  and 
sugar)  and  a  smaller  proportion  of  protein,  fat,  and  (though 
not  proved  by  our  analyses)  we  may  safely  say  starch  as  well. 

4.  The  immature  corn  produces  a  very  sour  silage,  on 
account  of  the  relatively  large  proportion  of  sugar  and  of 
water. 

5.  Though  this  point  is  not  always  important,  grass  and 
clover  are  apt  to  make  but  a  poor  start  ^vhen  seeded  in  fields 
planted  with  excessively  large  and  late  varieties.  As  a  large 
proportion  of  farmers  in  some  sections  now  usually  seed  in 
ensilage  corn,  this  point  should  not  be  disregarded. 

yni.  — Soil  Tests. 
During  the  past  season  two  soil  tests  have  been  carried 
out  on  our  own  grounds,  both  in  continuation  of  previous 
work  upon  the  same  fields.  The  same  kinds  of  fertilizers 
have  been  applied  to  each  plot,  and  in  the  same  amounts  as 
last  year.  The  fertilizers  in  these  experiments  are  used  in 
accordance  with  the  co-operative  plan  for  soil  tests  adopted 
in  Washington  in  1889.  Each  fertilizer,  wherever  em- 
ployed, is  applied  at  the  same  rates  per  acre.  The  following 
table  shows  the  kinds  and  usual  amounts  :  — 

Nitrate  of  soda,  160  pounds,  ftimishing  nitrogen. 

Dissolved  bone-black,  320  pounds,  furnishing  phosphoric  acid. 

Muriate  of  potash,  160  pounds,  furnishing  potash. 

Land  plaster,  400  pounds. 

Lime,  400  pounds. 

Manure,  5  cords. 
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A.  —  Soil  Test  with  Grass.  (^SoufJi  Acre.) 
This  acre  has  been  used  iu  soil  tests  for  thirteen  years, 
beginning  in  1889.  The  crops  in  successive  years  have 
been  as  follows  :  corn,  corn,  oats,  grass  and  clover,  grass 
and  clover,  corn,  followed  by  mustard  as  a  catch-crop,  rye, 
soy  beans,  white  mustard,  corn,  corn,  and  grass  and  clover 
in  1900.  The  field  has  not  been  ploughed  this  year  but 
received  fertilizers  as  usual.  During  the  entire  thirteen 
years  four  of  the  fourteen  plots  have  received  neither 
manure  nor  fertilizer ;  three  plots  have  received  yearly  a 
single  important  manurial  element,  viz.,  one  of  them  nitro- 
gen, another  phosphoric  acid  and  another  potash,  —  every 
year  the  same ;  three  have  received  each  year  tAvo  of  these 
elements  ;  one  has  received  all  three  3'carly  ;  and  one  each 
has  yearly  lime,  plaster  or  manure.  ]Much  of  the  field, 
having  been  either  entirely  unmanured  or  supplied  with 
only  a  portion  of  the  elements  ordinarily  considered  as 
essential,  is  now  much  exhausted.  The  four  nothing  plots 
this  year  produced  an  average  yrnXdi  of  375  pounds  of  hay 
to  the  acre  at  the  first  cut  and  313  pounds  at  the  second  cut. 
The  table  shows  the  rate  of  yield  of  the  several  plots :  — 

Hay  and  Rowen.  — South  Acre  Soil  Test,  1901. 


FERTrLIZERS  USED. 


Nitrate  of  soda,  .... 

Dissolved  bone-black, 

Nothing, 

Muriate  of  potash, 

Lime 

Nothing, 

Manure 

Nitrate  of  soda  and  dissolved  bone 
black. 

Nothing 

Nitrate  of  soda  and  muriate  of  potash, 

Dissolved  bone-black  and  muriate  of 
potash. 

Nothing, 

Plaster 

Nitrate    of    soda,    dissolved    hone- 
black  and  muriate  of  potash. 


TiELD  PER  Acre 
(Pounds). 

Hay. 

Rowen. 

900 

550 

300 

370 

400 

240 

600 

700 

500 

360 

300 

270 

3,600 

2,700 

1,200 

530 

400 

360 

2,100 

900 

1,900 

1,500 

400 

380 

200 

200 

3,300 

1,100 

Gain  or  Loss  per  Acre, 

compared  with  nothing 

Plots  (Pounds). 


Hay. 


+500 
—100 

+233.33 
+166.67 

+3,300 
+800 


+1,700 
+1,500 

—200 
+2,900 


Rowen. 


+310 
+130 

+450 
+100 

+2,340 
+170 

+533.50 
+1,126.67 

—180 
+720 
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The  effect  of  each  of  the  three  elements  of  plant  food  — 
nitrogen,  phosphoric  acid  and  potash  —  is  more  clearly 
brouo;ht  out  in  the  tables  which  follow  :  — 


Rbstilts  of  thb  Addition  op  Nitrogen  to  — 

^ot^^-    B^LtS. 

Muriate  of 
Potash. 

Dissolved        a  ■„„.„„„ 
Bone-black      f^/^^.f 
and  Potash.      ^^esult. 

Hay  (pounds  per  acre), 
Rowen  (pounds  per  acre) ,   . 

+500 
+310 

+900 
+40 

+1,466.67 
+83.33 

+1,400 
—406.67 

+1,066.67 
+26.67 

Value  of  increase, $8  59 

Financial  result  (gain) , 5  39 


Results  of  the  Addition  of  Phosphoric  Acid  to  — 

Nothing. 

Nitrate  of 
Soda. 

Muriate  of 
Potash. 

Nitrate  and 
Potash. 

Average 
Result. 

Hay  (pounds  per  acre) , 
Rowen  (pounds  per  acre) ,   . 

—100 
+130 

+300 
—140 

+1,266.67 
+676.67 

+1,200 
+186.67 

+666.67 
+213.33 

Value  of  increase, $7  04 

Financial  result  (gain) 3  84 


Results  of  the  Addition  of  Potash  to  — 


Nothing. 


Nitrate  of 
Soda. 


Dissolved      Nitrate  and 

bone-black.      Dissolved 

Bone-black. 


Average 
Result. 


Hay  (pounds  per  acre), 
Rowen  (poimds  per  acre),    . 


+233.33 

+450 


+1,200 
+233.33 


+1,600 
+996.67 


+2,100 
+550 


+1,283.33 
+555 


Value  of  increase $14  71 

Financial  result  (gain) 11  51 


Results  of  the  Addition  to  Nothing  of  — 

Manure. 

Complete 
Fertilizer. 

Plaster. 

Lime. 

Hay  (pounds  per  acre). 

+3,300 

+2,900 

—200 

+166.67 

Rowen  (pounds  per  acre),    . 

+2,430 

+720 

—180 

+100 

Value  of  increment,       .... 

$45  84 

$28  96 

- 

$2  12 

Value  of  decrease,         .... 

- 

- 

$3.04 

- 

Financial  result, 

$20  84* 

$19  36* 

$4  84t 

$0  92* 

Gain. 


■f  Lobs. 
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It  will  bo  noticed  that  the  cmplo3'ment  of  nitrate  of  soda 
alone  results  in  a  considerable  increase  both  in  the  first  and 
second  cuttings,  but  its  effect  in  increasing  the  crop  is  com- 
paratively small  here,  no  doubt  because  the  soil  of  that 
plot  must  be  quite  deficient  in  both  phosphoric  acid  and 
potash.  It  Avill  be  noticed  that  the  increase  produced  by 
the  nitrate  of  soda  is  greater  where  it  is  used  with  other 
fertilizers.  It  D:ives  the  oreatest  increase  where  used  with 
potash  alone,  though  much  the  best  crop  is  secured  where 
it  is  used  in  combination  with  both  potash  and  dissolved 
bone-black.  The  effect  of  the  dissolved  bone-black  when 
used  alone  amounts  to  nothing ;  when  combined  with  potash, 
or  with  both  nitrate  and  potash,  it  appears  to  be  very 
useful.  This  is  undoubtedly  due  to  the  fact  that  its  pres- 
ence is  favorable  to  the  growth  of  clover,  which,  as  Avill 
be  seen  from  the  tables  below,  is  very  abundant  on  those 
plots  where  bone-black  and  potash  are  used  together.  The 
ability  of  clover  to  thrive  in  the  presence  of  suitable 
amounts  of  bone-black,  potash  and  lime  is  well  known. 
The  crops  on  the  plot  where  the  dissolved  bone-black 
and  potash  have  been  so  long  used,  and  without  any  addi- 
tion of  either  manure  or  fertilizer  which  furnishes  nitrogen 
during  the  entire  thu'teen  years,  afford  a  striking  object 
lesson.  Here  we  have  a  yield  at  the  rate  of  1,900  pounds 
of  hay  to  the  acre  in  the  first  crop  and  1,500  pounds  in 
the  second.  Such  crops  are  far  above  the  average  under 
much  more  expensive  systems  of  manuring.  They  are  ac- 
counted for  by  the  capacity  which  clover  grown  under  such 
soil  conditions  as  must  exist  on  this  plot  possesses  to  draw 
the  needed  nitrogen  from  the  air.  It  will  be  noticed  that 
the  potash  alone  gives  but  a  moderate  crop,  but  when  used 
in  combination  with  either  of  the  other  fertilizers  or  with 
both  of  them  the  result  is  a  large  increase.  As  will  be 
seen  from  the  table  below,  the  plots  where  the  potash  is 
used  are  characterized  by  relatively  large  percentages  of 
clover,  while  there  is  no  clover  on  the  plots  to  which  no 
potash  has  been  applied.  Especially  striking  is  the  large 
increase  in  the  rowcn  cro})  where;  potash  is  used  in  connec- 
tion Avith  dissolved  bone-black,  —  an   increase  due  almost 
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entirely  to  the  large  percentage  of  clover  found  on  that 
plot.  Attention  is  further  called  to  the  fact  that  the  first 
cutting  of  ha}^  on  the  plot  receiving  nitrate,  dissolved  bone- 
black  and  potash  is  almost  equal  to  that  on  the  plot  which 
has  yearly  received  a  dressing  of  barnyard  manure  at  the 
rate  of  5  cords  per  acre. 

The  analysis  of  the  manure  used  is  shown  below  :  — 

Per  Cent. 

Water, 66.61 

Total  phosphoric  acid, .40 

Potash 61 

Nitrogen, ,52 

At  the  rate  at  which  it  was  applied,  the  manure  supplied, 
per  plot:  nitrogen,  4.86  pounds;  phosphoric  acid,  3.74 
pounds;  potash,  5.70  pounds.  The  fertilizers  used  on  plot 
14  supplied:  nitrogen,  about  1.2  pounds;  phosporic  acid, 
about  1.6  pounds;  potash,  4.0  pounds. 

As  was  stated  in  the  last  annual  report,  this  field  was 
seeded  'with  mixed  grass  and  clover  seeds.  The  clover 
soon  disappeared  from  all  except  those  plots  to  which  potash 
has  been  yearly  applied.  In  order  more  clearly  to  show  the 
relation  of  the  fertilizers  to  the  growth  of  the  clover,  the 
product  of  an  average  square  yard  was  carefully  cut  in  June 
and  separated  into  three  parts  in  each  case,  viz.,  grass, 
clover  and  weeds  (including  all  plants  other  than  true 
grasses  and  clover) .  The  material  thus  secured  was  allowed 
to  dry  until  November  16.  It  Avas  then  weighed,  with  re- 
sults shown  below :  — 


Effect  of  Fertilizer  on  Proportion  of  Clover 
Square  Yard,  Air  Dry. 


Product  of  One 


a 

<M 

"CTJ     . 

-a-*-! 

rr^-^    ® 

ri    n'>'^'" 

u 

13 

'^^ 

O 

a  o 

^  o-S 

.2  S  ^  O 

.2 
1 

o 

02 

o 
•2 

6 

o  i 

w  a 
«  o 

^1 

=3  >   O 
C3  ""  © 

i  B  s  0  1  v  e 
Bonebla 
and  Muri 
of  Potash. 

itrate,  D 
solved  Boi 
black      a  i 
Muriate 
Potash. 

^ 

^ 

0 

a 

^ 

Iz; 

Q 

]^ 

Grass  (grams),     . 

28.7 

84.2 

22.6 

49.80 

74.5 

76.5 

131.0 

133.5 

Clover  (grams),     . 

- 

- 

- 

30.50 

- 

45.0 

108.0 

75.5 

Weeds  (grams),    . 

- 

2.8 

- 

- 

- 

- 

- 

Percentage  of  clover,    . 

- 

- 

- 

37.98 

- 

37.0 

45.1 

36.1 
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When  it  is  remembered  that  the  clover  seed  which  was 
sown  in  large  quantities  came  up  abundantly  u|)on  all  plots, 
it  is  surely  striking  that  it  should  have  entirely  disappeared 
from  every  plot  except  those  on  which  the  potash  fertilizers 
have  been  applied. 

B.  —  Soil  Test  with  Onions  [North  Acre) . 
This  experiment  was  conducted  upon  land  which  has  been 
used  twelve  years  in  soil  test  work.  Each  year  each  plot 
in  the  field  has  been  manured  in  the  same  manner.  The  last 
foiu"  crops  have  been  onions,  and  during  the  time  that  the 
field  has  been  used  in  experiments  with  onions  it  has  re- 
ceived double  the  quantities  of  fertilizers  usually  used  in 
soil  tests;  viz.,  for  each  fertilizer,  wherever  it  is  used,  at 
the  following  rates  per  acre  :  nitrate  of  soda,  320  pounds  ; 
dissolved  bone-black,  640  pounds ;  muriate  of  potash,  320 
pounds.  The  plots  in  this  field  are  long  and  narrow,  about 
210  feet  by  10^  feet.  One-half  of  each  plot  was  limed  in 
the  spring  of  1899  at  the  rate  of  one  ton  per  acre  of  quick- 
lime, slaked,  spread  evenly  after  ploughing  and  harrowed 
in.  The  crops  grown  in  this  field  previous  to  the  onions, 
in  the  order  in  which  they  have  been  raised,  are  :  potatoes, 
corn,  soy  beans,  oats,  grass  and  clover,  grass  and  cloter, 
cabbages  and  rutabaga  turnips,  and  potatoes.  The  variety 
of  onions  grown  this  year  was  Dan  vers  Yellow  Globe,  The 
seed  germinated  well ;  but  the  plants  on  most  of  the  plots 
made  little  growth,  and  many  soon  died,  especially  on  the 
unlimed  portions  of  plots  which  had  received  an  application 
of  muriate  of  potash,  or  nitrate  of  soda,  or  a  combination 
of  these  without  bone-black.  The  following  tables  show  the 
results,  bulbs  and  tops  being  weighed  together :  — 
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Onions.  —  North  Acre  Soil  Test,  1901. 


Febtilizers  used. 

Yields  per  Acre 

OF  Bulbs  and  Tops 

(Pounds). 

Gain  or  Loss  per 

Acre,  compared  with 

Nothing  Plots 

(Pounds). 

o 

Unlimed. 

Limed. 

Unlimed. 

Limed. 

1 

Nothing 

1,680 

3,200 

- 

- 

2 

Nitrate  of  eoda 

2,400 

4,200 

+813.33 

+1,333.33 

3 

Dissolved  bone-black, 

1,880 

2,600 

+386.67 

+66.67 

4 

Nothing 

1,400 

2,200 

- 

- 

5 

Muriate  of  potash. 

3,000 

11,200 

+1,750 

+8,930 

6 

7 

Nitrate  of  soda   and   dissolved 

bone-black. 
Nitrate  of  soda  and  muriate  of 

potash. 
Nothing, 

8,800 
2,400 

8,000 
13,800 

+7,700 
+1,450 

+5,660 
+11,390 

8 

800 

2,480 

- 

- 

9 
10 
11 

Dissolved  bone-black  and  muri- 
ate of  potash. 

Nitrate  of  soda,  dissolved  boue- 
black  and  muriate  of  potash. 

Plaster '  . 

10,000 
18,600 
1,400 

13,200 

22,600 
2,960 

+9,050 

+17,500 

+150 

+10,660 

+20,000 

+300 

12 

Nothing, 

1,400 

2,720 

- 

- 

Results  of  the  Addition  of  Nitrogen  to  — 

Onions. 

Nothing. 

Dissolved 
Bone-black. 

Muriate 
of  Potash. 

Dissolved 
Bone-black 
and  Potash. 

Average 
Result. 

Unlimed  (pounds), 
Limed  (pounds), . 

+813.33 
+1,333.33 

+7,313.33 
+5,593.33 

—300 
+2,460 

+8,450 
+9,340 

+4,064.17 
+4,681.67 

Results  of  thk  Addition  of  Phosphoric  Acid  to— 

Onions. 

Nothing. 

Nitrate 
of  Soda. 

Muriate 
of  Potash. 

Nitrate 
and  Muriate 
of  Potash. 

Average 
Result. 

Unlimed  (pounds), 
Limed  (pounds),. 

+386.67 
+66.67 

+6,886.67 
+4,326.67 

+7,300 
+1,730 

+16,050 
+8,610 

+7,630.83 
+3,683.33 

Results  op  the  Addition  op  Potash  to— 

Onions. 

Nothing. 

Nitrate 
of  Soda. 

Dissolved 
Bone-black. 

Nitrate  and 

Dissolved 

Bone-black. 

Average 
Result. 

Unlimed  (pounds). 
Limed  (pounds),  . 

+1,750 
+8,930 

+636.67        +8,663.33 
+10,056.67      +10,593.33 

+9,800 
+14,340 

-1-5,212.5 
+10,980.0 
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Onions. 


Results  op  the  Addition  to 
Nothing  op  — 


Complete  Fer- 
tilizer. 


Land  Plaster. 


Unlimed  (pounds), 
Limed  (pounds), 


+17,500 
+20,000 


+150 
+300 


The  results  of  this  experiment  for  this  yvav  are  exactly 
similar  in  kind  to  those  of  the  last  two  years,  but  the  yield 
on  the  limed  portion  of  the  plots  shows  a  falling  off  as  com- 
pared with  last  year.  A  chemical  test  of  the  soil  taken  from 
this  portion  of  these  plots  indicated  that  it  is  once  more  acid 
on  all  plots  where  muriate  of  potash  and  nitrate  of  soda  have 
been  used.  There  can  be  no  doubt  that  the  heavy  applica- 
tions of  these  fertilizers  have  again  brought  about  conditions 
such  that  lime  is  once  more  needed.  The  principal  points 
to  which  attention  is  called  are  :  — 

1.  The  need  of  lime  is  the  most  striking  where  the  muri- 
ate of  potash  and  nitrate  of  soda  are  the  only  fertilizers  used. 

2.  The  necessity  for  lime  is  strikingly  evident  where  the 
muriate  of  potash  alone  is  used. 

3.  Where  dissolved  bcJne-black  is  used  in  connection 
either  w^ith  muriate  of  potash  alone  or  with  muriate  of  pot- 
ash and  nitrate  of  soda  there  is  apparently  far  less  need  of 
lime.  The  dissolved  bone-black,  containing  a  considerable 
proportion  of  land. plaster,  supplies  this  element. 

4.  The  best  ripened  crop  was  found  where  the  dissolved 
bone-black  was  used,  and  attention  is  called  to  the  desira- 
bility of  using  either  this  or  acid  phosphate  freely  wherever 
onions  fail  to  ripen  well. 

5.  The  results  make  it  evident  that  potash  in  abundance 
is  highly  essential  for  this  crop.  Potash  alone  in  combina- 
tion wjth  lime  gives  a  mach  better  crop  than  either  of  the 
other  fertilizers  alone  under  similar  conditions. 

In  conclusion,  the  belief  is  expressed  that  the  soil  of  this 
field  would  be  much  benefited  by  an  increase  in  its  store  of 
humus.  Having  received  applications  of  fertilizers  only  for 
twelve  years,  and  not  having  l)een  in  grass  for  six  years,  the 
stock  of  humus  in  the  soil  is  very  low  and  its  physical  con- 
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dition  is  poor.  It  is  much  inclined  to  crust,  and  soon  be- 
comes so  compact  after  tillage  that  aeration  is  very  imperfect. 
The  results  of  this  year  lead  to  the  conclusion  that  the  prac- 
tical advice  as  to  the  selection  of  fertilizers  for  onions  ffiven 
in  the  last  annual  report  will  be  found  suited  to  the  condi- 
tions existing  in  a  majority  of  instances. 


IX.  —  Manure  Alone  v.  Manure  and  Potash. 

This  experiment,  intended  to  illustrate  the  relative  value 
in  crop  production  of  an  average  application  of  manure  as 
compared  with  a  smaller  application  of  manure  in  connec- 
tion with  some  form  of  potash,  was  begun  in  1890.  Full 
accounts  will  l^e  found  in  preceding  annual  reports  and  sum- 
maries in  the  reports  of  1895  and  1900. 

The  field  contains  one  acre,  and  is  divided  into  four  plots 
of  one-fourth  acre  each.  The  crop  for  the  years  1890  to 
1896  was  corn ;  for  the  years  1897  and  1898,  mixed  grass 
and  clover;  for  the  years  1899  and  1900,  corn.  For  this 
year  the  field  has  been  in  grass  and  clover,  having  been 
seeded  in  corn  in  the  latter  part  of  July,  1900.  Neither 
manure  nor  fertilizer  was  applied  this  year  previous  to  the 
harvesting  of  the  rowen  crop,  as  it  was  judged  that  the  ap- 
plication of  manures  would  cause  the  crop  to  lodge  seriously. 
In  previous  years  plots  1  and  3  have  received  manure  at  the 
rate  of  6  cords  per  acre  ;  plots  2  and  4,  manure,  a  part  of 
the  time  3  cords  and  for  the  last  year  4  cords,  and  potash. 
For  the  last  few  years  potash  has  been  used  at  the  rate  of 
160  pounds  per  acre  of  the  high-grade  sulfate.  The  past 
season  was  very  favorable  for  the  hay  crop.  The  field  was 
cut  twice,  July  2  and  August  28.  The  yields  are  shown  in 
the  table  :  — 


Yield  of  Hay  and  Rowen  (^Pounds). 

Plots. 

Hay. 

Rowen. 

Plot  1, 

1,375 

370 

Plot  2, 

1,380 

355 

Plot  3, 

1,170 

415 

Plot  4, 

990 

470 
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It  should  be  noticed  that  plots  1  and  3 — manure  alone  — 
gave  most  hay,  while  plots  2  and  4  produced  most  rowen. 
This  is  undoubtedly  due  to  the  larger  i)roportion  of  clover 
on  these  plots.  Attention  has  been  repeatedly  called  in 
previous  reports  to  the  fact  that  the  free  use  of  potash  in- 
variabl}^  tends  to  increase  the  percentage  of  clover  in  mow- 
ings. Combining  the  yields  of  hay  and  rowen,  we  find 
that  manure  alone  has  produced  crops  at  the  rate  of  6,660 
pounds  per  acre,  while  the  lesser  quantity  of  manure  and 
potash  has  yielded  6,390  pounds.  Here  is  a  difference 
at  the  rate  of  270  pounds  per  acre  in  favor  of  the  larger 
quantity  of  manure  alone.  It  is  estimated  that  the  manure 
alone,  if  purchased,  is  applied  at  the  rate  of  $30  worth  to 
the  acre ;  the  lesser  quantity  of  manure  and  the  potash  used 
with  it  are  applied  at  a  cost  of  $23.60,  We  have,  then, 
270  pounds  more  hay  produced  where  the  annual  cost  of 
manuring  amounts  to  $6.40  per  acre  more  than  where  the 
smaller  crop  is  produced.  Our  results,  then,  for  the  past 
year  are  clearly  favorable  to  the  lesser  manure  and  potash. 
The  results  of  the  two  systems  of  manuring  up  to  date  may 
be  briefly  summarized  as  follows  :  — 

1.  The  corn  crops  have  been  substantially  e(iual  in  value. 

2,  The  hay  crops  have  been  slightly  larger  on  the  plots 
receiving  the  more  liberal  application  of  manure  alone  ;  but 
these  increases  have  been  produced  at  a  cost,  where  manure 
is  estimated  at  $5  per  cord  in  the  field,  greater  than  their 
value. 

X.  —  Special  Corn  Fertilizer  v.  Fertilizer  Eicher  in 

Potash. 

The  object  of  this  experiment,  as  has  been  fully  explained 
in  previous  reports,  is  to  determine  the  most  profitable 
combination  of  fertilizers  to  be  used  for  the  groAvth  of  corn 
in  rotation  with  grass  and  clover,  and  especially  to  test  the 
question  as  to  whether  the  "  special  "  corn  fertilizers  oflored 
in  our  markets  have  such  composition  as  is  best  suited  for 
the  production  of  corn  under  such  conditions.  The  field  is 
divided  into  four  plots,  and  tAvo  of  these  plots  —  1  and  3  — 
have  yearly  received  an   application   of  mixed  fertilizers. 
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furnishing  the  same  amount  of  nitrogen,  phosphoric  acid 
and  potash  as  would  be  furnished  by  1,800  pounds  of  fer- 
tilizer having  the  average  composition  of  the  "special" 
corn  fertilizers  analyzed  at  this  Experiment  Station  in  1899. 
This  average  is  as  follows  :  — 

Per  Cent. 

Nitrogen, 2.37 

Phosphoric  acid, 10.00 

Potash,     .        ,        « 4.30 


The  fertilizers  analyzed  varied  widely  in  composition, 
the  range  for  each  of  the  elements  being  shown  by  the 
following: :  — 


Nitrogen,  . 
Phosjihoric  acid, 
Potash, 


Per  Cent. 

1.6-3.7 
9.0-13.0 
1.6-  9.6 


The  other  two  plots  —  2  and  4  —  received  annually  an 
application  of  materials  practically  the  same  in  kind  and 
quantity  as  those  recommended  in  Bulletin  No.  58  for  corn 
on  soils  poor  in  organic  matter.  These  plots  are  supplied 
with  a  much  larger  quantity  of  potash  and  with  less  phos- 
phoric acid  than  the  other  plots  in  the  field.  The  fertilizers 
applied  to  the  several  plots  are  shown  in  the  following 
table  :  — 


Fektilizebs  used. 


Plots  1  and  3 
(Pounds  Each). 


Plots  2  and  4 
(Pounds  Each) . 


Nitrate  of  soda, . 
Dried  blood, 
Dry  ground  fish, 
Acid  lihosphate. 
Muriate  of  potash, 


30.0 
30.0 
37.5 
273.0 
37.5 


50.0 
50.0 
62.5 


During  the  past  year  this  field  has  been  in  gi'ass,  having 
been  seeded  in  the  corn  crop  of  last  year  in  the  latter  part 
of  the  month  of  July.  The  season  has  been  favorable  to 
the  hay  crop,  and  the  field  has  been  cut  twice,  July  1  and 
August  28.  The  hay  was  housed  in  good  condition.  The 
tables  show  the  yields  :  — 
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Yield  of  Hay  and  Bowen,  1901  (Pounds). 


Plots. 

Hay. 

Rowen. 

Plot  1  (IcBser  potash), 

Plot  2  (richer  in  potash) 

Plots  (lesser  potash), 

Plot  4  (richer  In  potash) , 

1,450 
1,460* 
1,250 
1,460* 

125 
260 
125 
255 

*  Plots  2  and  4  weighed  together  on  account  of  threatened  storm ;  but,  so  far  as  could  be 
determined  by  the  eye,  the  yields  of  the  two  plots  were  substantially  equal. 


Average  Yields  per  Acre  (Pounds). 


Plots. 

Hay. 

Roweu. 

Plots  1  and  3, 

Plots  2  and  4 

5,400 
5,840 

600 
1,030 

It  will  be  noticed  that  the  yields  both  of  hay  and  rowen, 
but  especially  of  the  latter,  were  considerably  heavier  on 
plots  2  and  4  (i.e.,  the  plots  which  received  fertilizer  richer 
in  potash)  than  on  the  others.  The  first  crop  on  these  plots 
was  excessively  heavy,  and  lodged  to  a  considerable  extent. 
The  proportion  of  clover  was  much  larger  than  on  plots  1 
and  3.  The  fact  that  the  rowen  crop  on  these  plots  was 
rather  more  than  double  that  on  the  others  was  due  chiefly 
to  this  difference  in  the  proportion  of  clover. 

The  cost  per  acre  of  fertilizers  applied  at  the  rates  used 
on  plots  1  and  3  exceeds  the  cost  per  acre  of  fertilizers 
applied  at  the  rates  used  on  plots  2  and  4  by  about  $4. 
We  have,  then,  as  a  result  of  this  year  considerably  larger 
yields  at  less  cost.  This  field  has  been  used  continually  in 
this  experiment  since  1891.  The  crop  was  corn  for  the 
years  1891  to  189G  inclusive,  in  1897  and  1898  the  field 
was  in  mixed  grass  and  clover,  in  1899  and  1900  in  corn. 
The  results  of  this  experiment  to  date  may  be  briefly  sum- 
marized as  follows :  — 

1.  The  crop  of  corn  has  been  substantially  equal  on  the 
two  systems  of  manuring. 

2.  The  crops  of  hay  have  been  larger  on  the  plots  where 
more  potash  has  been  used,  and  the  (juality  has  l)(H'n  bettor. 

3.  The  clover  is  relatively  inuch  more  abundant  on  the 
plots  where  more  potash  is  used.     This  difl'erenee  is  much 
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more  striking  at  the  present  time  than  when  the  field  was 
in  grass  in  1897  and  1898.  In  view  of  the  well-known  fact 
that  the  clover  sod  when  turned  is  exceedingly  favorable 
for  succeeding  crops,  it  is  confidently  anticipated  that  the 
differences  in  yields  under  the  two  systems  of  manuring  will 
increase  from  year  to  year,  and  that  the  superiority  of  the 
mixture  of  fertilizers  containing  more  potash  will  therefore 
become  increasingly  evident. 

XI. EXPERIJVIENT    IN    MANURING    GrASS    LaNDS. 

The  system  of  using  wood  ashes,  ground  bone  and  muri- 
ate of  potash,  and  manure,  in  rotation  upon  grass  land  has 
been  continued  upon  the  same  basis  as  last  year.  There  are 
three  large  plots,  varying  in  size  between  about  2y2  and  4 
acres.  It  may  be  remembered  that  according  to  the  sj^stem 
followed  each  plot  receives  wood  ashes  at  the  rate  of  1  ton 
per  acre  one  year  ;  the  next  year,  ground  bone  600  pounds, 
and  muriate  of  potash  200  pounds,  per  acre  ;  and  the  third 
year,  manure  at  the  rate  of  8  tons.  Both  this  year  and  last 
there  has  been  used,  on  the  plots  receiving  ashes,  and  ground 
bone  and  muriate  of  potash,  respectively,  nitrate  of  soda  at 
the  rate  of  150  pounds  per  acre.  This  year,  as  last,  a  small 
application  of  nitrate  of  soda  has  been  made  to  about  one- 
half  of  the  plot  receiving  wood  ashes  after  the  cutting  of  the 
first  crop,  for  the  purpose  of  determining  to  what  extent 
such  application  is  beneficial  to  the  rowen  crop.  The  sys- 
tem of  manuring  is  so  planned  that  each  year  we  have  one 
plot  under  each  of  the  three  manurings.  The  barnyard 
manure  is  always  applied  in  the  fall,  the  ashes,  and  the  bone 
and  potash,  in  early  spring.  The  nitrate  of  soda  used  on 
two  of  the  plots  was  applied  to  one  April  18,  to  the  other 
April  19.  The  past  season  has  been  favorable  to  the  hay 
crop.  All  these  plots  have  been  cut  three  times.  The 
total  yields  were  at  the  following  rates  per  acre  :  — 

Pounds. 

On  barnyard  manure, 7,367 

On  wood  ashes  and  nitrate  of  soda,        ....        5,817* 
On  bone,  muriate  of  potash  and  nitrate  of  soda,    .        .        6,815 

*  Actual  yield,  6,679  pounds ;  above  figure  obtained  by  making  reduction  equal 
to  increase  believed  to  have  been  produced  by  application  of  nitrate  of  soda  for  rowen. 
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The  average  yield  of  the  entire  area  for  this  year  is  6,859 
pounds.  The  average  for  the  period  1893  to  the  beginning 
of  the  present  year  was  6,615  pounds  per  acre.  The  plots 
Avhen  dressed  with  manure  have  averaged  6,878  pounds  per 
acre  ;  when  dressed  with  bone  and  potash,  6,649  pounds ; 
and  when  receiving  wood  ashes,  6,309  pounds  per  acre. 
The  average  yields  obtained  on  this  field  are  surely  very 
satisfactory.  They  are  obtained  at  a  cost  for  fertilizing 
materials  applied  which  renders  the  hay  crop  decidedly 
-profitable. 

XII.  —  NiTKATE  OF  Soda  for  Rowen. 

We  began  last  year  experiments  calculated  to  show  to 
W'hat  extent  a  small  application  of  nitrate  of  soda  applied 
after  the  removal  of  the  first  crop  of  hay  would  benefit  the 
crop  of  rowen.  The  results  last  year  showed  increase  in  the 
rowen  crop  sufficient  to  render  the  application  a  paying  one. 
These  experiments  have  been  continued  this  year,  and  have 
been  carried  out  on  two  fields  :  — 

1.  On  an  old  sod  seeded  in  1887,  where  the  prevailing 
species  is  Kentucky  blue  grass,  and  which  received  in  the 
spring  an  application  of  wood  ashes  at  the  rate  of  1  ton  to 
the  acre  and  nitrate  of  soda  at  the  rate  of  150  pounds  per 
acre.  The  first  crop  was  cut  June  17.  The  nitrate  of  soda 
was  applied  to  two  sub-plots,  constituting  about  one-half  of 
the  field,  at  the  rate  of  150  pounds  per  acre  on  July  3.  The 
results  are  shown  in  the  table  :  — 


Nitrate  of  Soda  for  Rowen.  —  Yields  per  Acre  (Pounds), 


Nitrate  used. 


Rowen, 
First 
Crop. 


Rowen,  Total 
Second  |  Rowen 
Crop.    1    Crop. 


Plot  1, 
Plot  2, 
Plot  3, 
Plot  4. 


No  nitrate, 

150  pounds  per  acre. 

No  nitrate, 

150  pounds  per  acre, 


1,148 
1,599 
1,260 
1.676 


627 
732 
711 


1,775 
2,331 
1,971 
2,566 


The  average  rates  of  yield  per  acre  are  :  — 


No  nitrate, 
Nitrate,  . 


Pounili. 

1,873 
2,444 
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The  average  increase  due  to  the  application  of  150  pounds 
of  nitrate  of  soda  is  therefore  571  pounds.  At  the  current 
price  for  nitrate  of  soda,  this  increase  has  cost  a  little  more 
than  one-half  a  cent  per  pound. 

2.  Nitrate  was  tried  upon  a  timothy  sod  seeded  in  1899. 
Four  equal  plots  were  laid  oif,  and  to  two  of  them  nitrate 
was  applied  at  the  rate  of  150  pounds  per  acre.  The  first 
crop  was  cut  July  8  ;  the  nitrate  was  applied  July  17  ;  the 
rowen  crop  was  cut  September  16.  The  table  shows  the 
calculated  results  per  acre  :  — 


Nitrate  of  Soda  for  Boiven. —  Yields  per  Acre  (Pounds). 


Plots. 

Nitrate  applied. 

Yield  of  Rowen. 

Plot  1,       .       .       .       . 
Plot  2,      .       .       .       . 
Plot  3,       .        .        ,        . 
Plot  4 

No  nitrate, 

150  pounds  per  acre 

No  nitrate, 

150  pounds  per  acre 

436 
953 
463 
463 

The  average  rates  of  yield  per  acre  were  :  — 


No  nitrate, 
Nitrate, 


Pounds. 

449 
709 


The  average  increase  is  therefore  259  pounds,  which,  at 
the  current  price  for  nitrate  of  soda,  costs  about  ll^  cents 
a  pound.  The  use  of  nitrate  for  rowen  is  therefore  profit- 
able in  the  case  of  the  Kentucky  blue  grass  sod,  unprofitable 
in  the  case  of  the  timothy.  Neither  the  blue  grass  nor  the 
timothy,  however,  are  varieties  characterized  by  a  free  or 
abundant  second  growth.  The  results  of  the  application  of 
nitrate  of  soda  for  rowen  are  likely  to  be  better  for  other 
varieties,  such  as  orchard  grass,  the  fescues  and  rye  grasses. 


XHI. — Experiment  in  Application  of  Manure. 
Observation   of    the  results   obtained    for  a   number   of 
years  from  the  application  of  manures  spread  in  late  fall  or 
winter  and  allowed  to  lie  upon  the  surface  until  spring  had 
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led  to  the  conclusion  that  an  experiment  was  needed  to  de- 
termine Avhether  that  practice  is  wise.  The  previous  history 
of  one  of  our  fields  had  left  it  in  such  condition  that  we 
could  compare  two  methods  only  of  application.  This  field 
had  previously  been  divided  into  five  plots,  each  of  which 
had  for  some  ten  years  received  diiferent  manurial  treat- 
ment. These  plots  were  comparatively  wide,  and  it  was 
proposed  to  divide  each  in  the  middle,  designating  one-half 
of  each  plot  north,  the  other  south.  The  original  plots  had 
been  numbered  1  to  5.  The  previous  manurial  treatment 
had  been  as  shown  in  the  table  :  — 


Plots. 

Fertilizer  used. 

riot  1,    . 

Barnyard  manure,  10  tons  per  acre. 

Plot  2,      . 

Wood  ashes,  1  ton  per  acre. 

Plot  3,      . 

No  manure. 

Plot  4,      . 
Plot  5,      . 

Fine-ground  bone,  600  pounds  per  acre;  muriate  of  pot- 
ash, 200  pounds  per  acre. 

Fine-ground  bone,  6U0  pounds  per  acre;  sulfate  of  pot- 
ash, low  grade,  4oo  pounds  per  acre. 

In  1899  the  entire  field  was  evenly  manured  with  manure 
from  well-fed  milch  cows.  The  topograph}^  of  the  field  is 
such  that  there  is  considerable  slope  lengthwise  of  the  plots, 
although  the  lay  of  the  land  makes  it  possible  that  under 
exceptional  circumstances  there  may  also  be  a  little  wash 
from  one  plot  to  another.  The  crop  in  1899  and  1900  was 
corn,  —  in  1899  for  the  silo,  in  1900,  husked;  in  1901  the 
crop  was  Japanese  barnyard  millet. 

The  plan  of  manuring  followed  during  1900  and  1901 
may  be  thus  described  :  — 

Four  of  the  plots —  1,  2,  3  and  4  —  receive  an  application 
of  carefully  saved  manure  from  milch  cows  at  the  rate  of 
10  tons  to  the  acre.  Plot  5  receives  an  application  of  stable 
manure  at  about  the  same  rate.  The  cow  manure  when  ap- 
plied is  compai-atively  fresh  and  unfermented.  The  four 
plots  receive  this  manure  each  at  a  difi'erent  date,  our  prac- 
tice being  to  remove  the  manure  from  the  pits  as  it  accumu- 
lates as  soon  as  the  quantity  made  is  sufficient  for  one  plot. 
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Whenever  a  plot  is  manured,  the  loads  as  hauled  are  placed 
alternately  one  on  the  north  and  the  other  on  the  south  half 
of  the  plot.  The  load  for  the  north  half  is  spread,  that  for 
the  south  half  is  put  into  a  heap,  all  the  manure  for  that 
half  being  placed  in  one  large,  well-shaped  heap.  The 
weight  of  manure  for  each  half  is  the  same.  The  manure 
for  plot  1  is  applied  in  late  fall,  plot  2  in  early  winter,  plots 
3  and  4  in  the  order  named,  at  dates  still  later  in  the  winter. 
The  stable  manure  used  on  plot  5  has  been  handled  in  a 
similar  way,  the  application  to  this  plot  commonly  being 
made  rather  late  in  the  winter ;  and  the  manure  when  ap- 
plied has  been  partially  rotted,  and  hot  and  steaming  at  the 
time  it  was  hauled.  Our  practice  has  been  to  plough  the 
field  in  mid-autumn,  and  then  to  sow  a  cover  crop, — usu- 
ally rye.  The  manm-e  which  is  put  into  heaps  is  spread  in 
spring  shortly  before  the  ground  is  to  be  planted,  and  the 
whole  area  is  immediately  ploughed,  the  manure  applied 
during  the  winter  as  well  as  that  just  spread  from  the  heaps 
being  at  that  time  turned  in.  The  results  for  the  three 
years,  viz.,  the  first,  when  all  plots  were  treated  alike,  and 
the  last  two,  when  the  manure  was  applied  as  just  described 
are  concisely  shown  in  the  tables  :  — 

Yield  of  Corn  and  Millet,  in  Pounds  per  Plot 


1899 

1900 

190I 

Previous  Manuring. 

Corn,  Green  (Both 
Hai.yes  manured 

ALIKE). 

Corn,  Ears  and 
Stover. 

Barnyard  Mil- 
let Hay. 

i 

North 
Half. 

South 
Half. 

North 

Half 

(Manure 

spread). 

South 

Half 

(Manure 

piled). 

North 

Half 

(Manure 

spread) . 

South 

Half 

(Manure 

piled). 

1 

Barnyard  manure,   . 

5,995 

6,320 

1,920 

1,983 

1,375 

1,625 

2 

Wood  ashes,     . 

6,020 

5,785 

1,825 

1,955 

1,050 

1,380 

3 

No  manure, 

2,900 

4,215 

1,380 

1,725 

740 

1,310 

4 
5 

Bone  and  muriate  of  pot- 
ash. 

Bone  and  sulfate  of  pot- 
ash. 

5,010 
4,805 

4,590 
5,470 

1,630 
1,645 

1,795 
2,015 

1,040 
1,130 

1,515  . 
1,680 

1902.] 


PUBLIC   DOCUMENT  — No.   33. 


51 


Relative  Yield  of  Corn  and  Millet^  in  Percentages. 


1S»9 

1900 

I901 

Corn  (Both  Halves 

MANintED  ALIKE). 

;           Corn. 

Millet. 

Plots. 

North 
Half. 

South 
Half. 

North 

Half 

(Manure 

spread) . 

South 

Half 

(Manure 

piled). 

North  1    South 

Half    1     Half 

(Manure  (Manure 

spread),    piled). 

Plotl 

100 

105.4 

100 

103.4 

100 

118.1 

Plot  2, 

100 

96.1 

100 

107.1 

100 

131.4 

Plots, 

100 

145.3 

100 

125.0 

100 

177.0 

Plot  4 

100 

91.7 

100 

110.4 

100 

145.6 

Plots,       .        .        .        .        . 

100 

113.8 

100 

122.5 

100 

148.7 

It  will  be  seen  that  the  two  halves  of  the  several  plots 
Avere  not  quite  even  in  fertility,  as  indicated  by  the  yields 
of  the  first  year,  at  the  start.  The  greatest  difference  was 
found  on  plot  3.  The  north  half  of  this  plot  suffers  from 
spring  or  ooze  water  to  a  greater  extent  than  the  south  part. 
AVe  must  be  cautious,  therefore,  in  attaching  importance  to 
the  largely  increased  difference  in  yield  on  that  half  of  this 
plot  manured  in  spring  for  the  past  season.  It  wdll  be 
noticed,  however,  that,  while  there  are  differences  in  the 
degi'ee,  there  is  a  marked  tendency  to  increased  superiority 
in  favor  of  spring  application  on  the  other  plots  of  the  field 
as  Avell  as  on  this. 

This  experiment  will  be  continued  5  but  it  has  seemed 
wise  to  call  attention  to  the  results  so  far  obtained,  for  the 
reason  that  the  conditions  on  this  field  as  resfards  the  nature 
of  the  surface  are  similar  to  those  existing  in  the  fields  on 
many  farms,  and  for  the  further  reason  that  the  results  cer- 
tainly indicate  that  there  is  grave  reason  to  doubt  whether 
application  of  fresh  manure  during  the  winter  and  allowing 
it  to  lie  upon  the  surface  until  spring  is  wise.  In  conclu- 
sion, I  should  perhaps  call  attention  to  the  fact  that,  while 
the  difterence  between  the  south  and  the  north  half  of  plot  3 
may  be  to  a  considerable  degree  due  to  the  diflerent  natural 
conditions,  it  seems  only  reasonable  to  conclude  that  it  wyaj 
be  in  part  also  due  to  the  fact  that  the  fertility  of  this  jdot 
at  the  start  was  much  lower  than  that  of  the  others,  as  it 
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had  been  cropped  for  many  years  without  application  of 
manure  or  fertilizer  of  any  kind.  On  the  other  plots,  which 
had  been  well  manured  in  preceding  years,  it  would  not  be 
strange  should  a  good  yield  be  obtained  on  the  north  half, 
even  although  the  manure  spread  there  during  the  winter 
may  have  suffered  serious  loss.  The  fact  that  the  difference 
between  the  north  and  south  halves  of  plot  1  during  the 
past  two  years  is  less  than  on  any  of  the  other  plots,  serves 
to  confirm  this  view ;  for  it  will  be  remembered  that  plot  1 
had  yearly  received  a  fairly  liberal  application  of  barnyard 
manure  for  a  long  series  of  years  previous  to  the  beginning 
of  this  experiment. 

XIV.  —  Alfalfa  as  a  Forage  Crop. 

There  is  at  the  present  time  so  mucli  interest  in  alfalfa  as 
a  forage  crop  that  attention  is  called  to  the  fact  that. the 
results  obtained  at  this  station  have  been  distinctly  un- 
favorable. Alfalfa  has  been  under  trial  in  a  small  way  for 
a  considerable  number  of  j^ears,  and  we  have  never  succeeded 
in  obtaining  results  encouraging  to  its  general  introduction. 

It  is  well  known  that  alfalfa  thrives  best  on  soils  where 
the  water  level  is  well  below  the  surface,  and  where  the 
texture  of  the  sub-soil  is  not  too  compact.  We  have  not 
perhaps  an  ideal  soil  for  alfalfa  on  the  college  estate.  It 
has  been  tried,  however,  on  a  considerable  number  of  fields, 
some  of  which  it  would  seem  must  possess  soil  with  the 
right  characteristics.  It  is  known,  further,  that  for  success 
with  alfalfa  the  soil  must  be  rich  in  lime.  Our  soils  are  not 
naturally  rich  in  this  constituent.  In  one  of  the  experiments 
of  the  past  few  years  which  will  now  be  briefly  described 
we  have  made  a  heavy  application  of  lime  to  one-half  of 
the  plot. 

A. — Alfalfa  on  Campus  Slope. 

The  field  known  as  campus  slope  falls  off  gradually  toward 
the  west,  affording  perfect  surface  drainage.  The  surface 
soil  is  fine,  medium  loam,  which  gives  excellent  crops  of 
potatoes,  corn  or  clover.  The  sub-soil  to  the  depth  of  three 
or  four  feet  is  of  the  same  general  character  as  the  surface 
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soil,  though  containing,  of  course,  loss  hunuis.  At  the 
depth  of  five  to  six  feet  begins  a  somewhat  open-textured 
gravel,  —  a  (juality  of  gravel  which  makes  quick-hedding 
road  material,  but  which  as  it  lies  is  not  at  all  of  the  nature 
of  a  hardpan.  The  water  level  of  this  field  is  well  below  the 
surface.  In  1899  the  field  produced  a  crop  of  potatoes  ;  for 
the  two  previous. years  it  was  in  mixed  grass  and  clover. 
It  was  manm'od  in  the  spring  of  1900,  at  the  mte  of  4  cords 
to  the  acre  ;  the  manure  was  ploughed  in.  The  plot,  which 
was  40  feet  in  width  and  152  feet  long,  was  divided  into 
two  strips,  and  to  one  of  these  lime  was  applied  at  the  rate 
of  iy2  tons  (air-sdaked)  per  acre.  After  ploughing,  fer- 
tilizers were  applied  at  the  following  rates  per  acre  :  — 

Pounds. 

Sulfate  of  potash,  high  grade, 250 

Acid  phosphate, 400 

Steamed  bone, 200 

The  seed  was  sown  in  rows  ten  inches  apart  on  May  22. 
The  plot  was  hand-weeded  and  hoed  several  times  through- 
out the  smiimer.  The  growth  was  very  slow,  and  no  crop 
was  harvested.  This  alfalfa  passed  through  the  winter  in 
good  condition.  The  plot  was  lightly  harrowed  on  April 
16  ;  on  ]May  1,  it  was  hoed.  On  Ma}'^  (5,  fertilizers  were 
applied  in  the  same  amounts  as  in  1900.  Early  in  the 
summer  it  was  noticed  that  the  alfalfa  was  somewhat  better 
on  the  limed  half  of  the  plot.  To  the  west  end  of  both 
limed  and  unlimed  portions~a  small  application  of  soil  from 
an  alfalfa  field  in  Kansas  was  made  in  the  spring  of  1900. 
This  was  for  the  purpose  of  testing  whether  deficienc}^  of 
bacteria  of  the  right  kind  was  the  probable 'cause  of  the  slow 
growth  of  the  crop.  It  was  believed  that  the  Kansas  soil 
would  furnish  these.  No  particular  difference  was  noticed 
during  the  first  season  ;  but  by  the  middle  of  June  the  past 
season  it  could  be  plainly  seen  that  the  growth  where  the 
Kansas  soil  had  been  spread  was  superior  to  that  on  the 
other  parts  of  the  plot.  The  plot  was  cut  three  times  during 
the  season,  June  20,  July  21  and  September  6,  each  time 
when  in  early  bloom.    The  yields  per  plot  were  as  follows  :  — 
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Yield  oj 

Alfalfa 

{Pounds 

)• 

June  20. 

July  21. 

September  6. 

Total  Crop. 

Without  lime 

With  lime 

175 
290 

70 
105 

130 
170 

375 
565 

The  total  yield  was  at  the  following  rates  per  acre :  un- 
limed,  5,374  pounds  ;  limed,  8,088  pounds.  These  are  green 
weights,  and  they  represent  a  very  small  and  unprofitable 
product.  It  is  of  course  possible  that  the  poor  growth  may 
be  largely  the  result  of  the  absence  of  bacteria  of  the  right 
species  in  suitable  numbers  ;  but  the  yield  even  on  that  part 
of  the  plots  to  which  the  Kansas  soil  was  applied  was 
exceedingly  small. 

B.— Alfalfa  on  Field  B. 
The  second  plot  on  which  we  now  have  alfalfa  is  one  of 
those  in  field  B,  which  has  been  yearly  manured  with  bone 
meal  at  the  rate  of  600  pounds,  and  muriate  of  potash,  for  the 
last  two  years,  at  the  rate  of  250  pounds  per  acre.  The  soil 
of  this  field  is  a  moderately  heavy  loam.  It  is  tile-drained, 
by  means  of  one  line  of  tiles  running  through  the  middle 
of  the  plot ;  the  depth  of  this  drain  varies  between  three  and 
four  feet.  This  plot  has  recently  produced  good  yields  of 
a  number  of  our  common  farm  crops.  The  seed  was  sown 
on  this  field  in  the  spring  of  1900,  in  drills,  as  in  the  other 
field,  and  the  crop  was  very  carefully  cared  for.  Nothing 
was  harvested  in  1900  ;  but  the  crop,  which  was  just  begin- 
ing  to  bloom,  ^as  cut  on  July  1,  as  it  showed  signs  of 
blight.  That  which  was  cut  was  allowed  to  remain  on  the 
ground.  It  may  be  here  remarked  that  this  practice  has 
been  strongly  recommended  by  farmers  who  have  had  ex- 
perience in  the  growth  of  alfalfa  in  New  York,  where,  as 
here,  the  crop  is  somewhat  subject  to  a  rust-like  blight. 
The  experience  of  these  farmers  has  led  them  to  conclude 
that  when  this  blight  shows  itself  the  crop  must  be  im- 
mediately cut  ;  otherwise,  as  the  leaves  are  soon  destroyed, 
the  vitality  of  the  plants  is  seriously  lowered.  Their  ex- 
perience is  that,  if  the  crop  be  promptly  cut  and  allowed 
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to  remain  on  tho  ground,  a  healthy  growth  soon  takes  place. 
Such  observations  as  we  have  been  able  to  make  here  in- 
dicate that  this  practice  is  beneficial. 

In  the  spring  of  the  past  year  it  was  found  that  most  of 
the  plants  had  been  lifted  from  one  to  two  inches  by  the 
frosts  of  winter  and  spring.  Nearly  all  of  them,  however, 
appeared  to  be  alive,  and  they  soon  started  fairly  well, 
though  the  growth  did  not  present  a  good  color.  On  April 
13,  fertilizers  in  the  usual  amounts  were  applied  broadcast. 
On  April  16,  the  field  was  harrowed  lightly  with  a  smooth- 
ing harrow.     The  crop  was  cut  three  times,  as  follows  :  — 

June  20,  just  coming  into  bloom,  2  to  2^/^  feet  in  height, 
the  lower  leaves  beginning  to  show  spots,  and  turning 
yellow.     Yield,  green,  910  pounds. 

July  22,  in  bloom,  showing  a  little  blight.  AVeight, 
green,  465  pounds. 

September  6,  beginning  to  blossom,  slightly  affected  by 
blight.     "Weight,  green,  440  pounds. 

The  area  of  the  plot  is  about  two-fifteenths  of  an  acre. 
The  total  green  weight  is  1,815  pounds,  which  is  at  the 
rate  of  13,610  pounds  per  acre.  The  crop  has  been  once 
hand-hoed  during  the  past  season.  The  yield  of  rather  less 
than  7  tons  to  the  acre  is  much  less  than  could  have  been 
obtained  from  clover,  at  far  lower  cost  for  labor. 

In  conclusion,  these  results  are  presented  not  as  con- 
clusive, but  rather  to  indicate  the  need  of  caution  on  the 
part  of  our  farmers  in  the  direction  of  experiments  with 
this  crop.  True,  it  is  the  most  valuable  forage  crop  known 
in  the  United  States  in  many  sections ;  but  it  cannot  be 
regarded  as  by  any  means  certain  that  it  can  be  made  to 
succeed  on  the  average  soils  of  this  State.  If  successful 
anywhere,  it  seems  likely  to  be  on  deep,  mellow  soils,  of 
alluvial  or  drift  formation,  and  where  the  water  table  is 
well  below  the  surface. 

XV.  —  Ax  Old  Crop  under  New  Names. 

Pearl  millet  has  been  advertised  by  seedsmen  for  many 

years,  and  has  been  occasionally  grown   by  some  of  our 

farmers.     AVithin  the  past  two  or  three  years  seedsmen  in 

different  parts  of  the  country  have  advertised  what,  as  a 
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result  of  our  comparisons,  it  is  concluded  is  precisely  the 
same  variety  under  new  names.  The  names  which  have  been 
brought  to  our  attention  are  Maud's  Wonder  Forage  Crop 
and  Brazilian  Millet.  Seed  offered  under  these  names  was 
procured  in  preparation  for  this  season's  work  from  the  so- 
called  originators  or  introducers.  We  also  secured  seed 
from  some  of  our  prominent  seedsmen  who  in  tm-n  had  se- 
cured it  from  would-be  introducers.  The  most  careful  com- 
parisons throughout  the  entire  season  failed  to  disclose  any 
difference.  Maud's  Wonder  and  Brazilian  millet,  so  called, 
appear  to  be  identical  in  every  way  with  Pearl  millet. 
The  latter  seed  can  usually  be  obtained  of  seedsmen  at  about 
10  cents  per  pound,  while  under  the  new  names  the  prices 
charo-ed  are  much  in  excess  of  this  figure.  Such  trials  of 
Pearl  millet  as  have  been  made  here  have  led  to  the  conclu- 
sion that  it  is  not  a  crop  which  is  likely  to  prove  of  any  con- 
siderable value,  unless  it  may  be  upon  very  light,  dry  and 
warm  soils.  The  crop  has  been  described  and  commented 
on  at  length  in  previous  reports. 


1902.]  PUBLIC   DOCUMENT  — No.  33.  57 


KEPORT    OF    THE    BOTAOTSTS. 


G.  E.  STONE,   R.   E.   SMITH. 


The  dying  of  cut-leaved  birches. 

The  present  status  of  chrysanthemum  rust  in  Massachusetts. 

The  effects  of  desiccation  on  soil. 

Melon  failures. 

Stem  rots  and  wilt  diseases. 

The  present  status  of  asparagus  rust  in  Massachusetts. 

Sterilization  of  soil  in  greenhouses  for  fungous  diseases. 

Similar  lines  of  routine  work  and  investio-ation  have  been 
followed  in  this  department  as  outlined  in  former  reports. 
During  the  summer,  $400  was  expended  on  repairs  and  im- 
provements of  the  building,  including  part  of  the  gTcen- 
house,  and  more  particularly  upon  the  trucks  and  tracks 
utilized  for  pot  experiments.  The  shed  and  large  unheated 
greenhouse  which  were  designed  for  truck  experiments  have 
been  retracked  and  concreted,  and  the  original  trucks,  which 
were  rather  primitive  in  construction,  have  been  remodelled 
and  provided  Avith  roller  bearings. 

Certain  species  of  fungi  affecting  shade  trees  and  economic 
crops  have  been  rather  common  during  the  year.  Among 
these  may  be  mentioned  the  Gloeosporium  ( G.  nervisequum 
(Fckl.)  Sacc),  Avhioh  caused  more  or  less  defoliation  of  the 
white  oak  throughout  the  State.  In  some  instances  the 
foliage  was  affected  to  such  an  extent  that  half  of  it  fell  off 
which  was,  as  usual,  replaced  later  on  by  a  ncAV  growth  of 
leaves.  So  far  as  I  am  aware,  no  treatment  has  ever  been 
given  the  oak  for  this  disease.  The  fungus  appears  to  be 
confined  to  the  lower  portion  of  the  tree,  and  no  doubt  a 
good  s|)raying  of  this  part  with  soiuo  standard  fungicide  as 
soon  as  the  leaves  have  unfolded  and  more  or  less  developed 
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would  control  this  outbreak.  This  treatment  is  only  recom- 
mended where  such  trees  occur  in  valuable  situations,  such 
as  on  lawns,  etc.,  and  where  the  expense  of  spraying  would 
equal  the  utility  and  value  of  the  trees  for  shade  or  aesthetic 
purposes. 

The  sycamore  has  also  shown,  as  it  is  very  likely  to  each 
year,  more  or  less  defoliation  from  a  similar  fungus. 

The  Gloeosporium  on  the  maple,  previously  mentioned  in 
our  reports,  has  been  more  or  less  common,  causing  some 
injury  to  the  foliage,  and  a  leaf-scorch  entirely  due  to  a  lack 
of  water  supplj^  causing  a  drying  up  of  the  leaves,  has  been 
observed  to  some  extent. 

This  division  frequently  received  specimens  and  letters 
relating  to  these  diseases.  They  do  not  constitute  very 
serious  maladies,  as  a  rule,  and  the  question  of  treatment  is 
usually  one  based  upon  the  utility  of  the  tree  under  con- 
sideration. 

Many  elm  leaves  are  frequently  subject  to  the  fungus 
known  as  Dothidea  XJlmi^  (Duv.)  Fr.,  and  the  European 
linden  in  some  localities  suffers  from  the  effect  of  a  leaf 
spot  (^Cercosijora  mia'osora,  Sacc).  Both  of  these  fungi 
cause  the  foliage  to  become  spotted  and  to  fall  prematurely. 
It  would  not  be  a  bad  idea  once  in  three  or  four  years  to 
spray  badly  affected  trees,  so  that  they  may  at  least  once 
in  a  while  have  a  clean  crop  of  foliage,  which  would  exert 
considerable  influence  on  the  growth  of  the  tree. 

Other  fungi  which  have  been  more  or  less  common  are  the 
tomato  spot  or  mildew,  leaf  blight  and  leaf  spot,  the  quince 
rust,  melon  blight,  bean  anthracnose  and  asparagus  rust. 
Bacterial  rot  on  cabbage  has  caused  some  loss  to  this  crop, 
and  it  was  noticed  in  fields  that  had  been  planted  to  cab- 
bages for  the  first  time. 

The  Dying  of  Cut-leaved  Birches. 
The  dying  of  cut-leaved  birches  became  quite  a  notice- 
able feature  in  some  places  in  the  eastern  part  of  the  State 
this  past  summer.  The  cause  of  this  trouble  was  inciden- 
tally due  to  borers,  but  in  all  probability  it  was  primarily 
brought  about  by  the  drought  last  season.     Probably  many 
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of  these  trees  could  have  boi'n  .saved  if  the}-  had  been  out 
back  in  time,  in  order  to  correlate  top  growth  with  that  of 
the  roots,  yiany  of  our  maple  trees,  Avhen  grown  on  dry, 
gi*avelly  soil,  suffer  greatly  during  a  season  of  drought,  and 
the  effect  of  this  suffering  is  usually  increased  by  the  pres- 
ence of  borers  in  the  following  years.  In  cities  the  re- 
stricted growi;h  of  roots,  caused  b}'  pavements,  sidewalks, 
regrading,  etc.,  induces  similar  pathological  conditions  in 
the  tree,  which  are  sooner  or  later  followed  by  the  same  mis- 
chief-makers. 

The  Present  Status  of  CHRYSANTHEajuM  Rust  in  Mas- 
sachusetts. 

The  chrysanthemum  rust  was  first  noticed  in  this  State  in 
the  fall  of  1896,*  this  being  the  first  recorded  instance  of 
the  appearance  of  the  rust  in  the  United  States.  The  fol- 
lowing year  it  became  more  widely  disseminated  in  Massa- 
chusetts, and  has  since  extended  over  the  larger  portion  of 
the  United  States. f  We  have  never,  however,  regarded  its 
appearance  in  this  State  as  a  matter  of  very  serious  conse- 
quence ;  nevertheless,  we  have  felt  it  necessary  to  keep  a 
watchful  eye  over  its  presence  in  our  midst.  During  the 
past  fall  we  have  made  an  effort  to  obtain,  by  means  of 
circulars,  whatever  information  could  be  secured ;  and  in  so 
far  as  its  occurrence  in  this  State  is  concerned,  this  informa- 
tion has  borne  out  our  conception  of  it. 

Only  one  stage  of  the  rust,  the  uredo,  has  been  found 
on  the  plants  affected  in  Massachusetts.  In  the  absence  of 
the  other  stages  which  are  characteristic  of  rusts,  it  might 
be  expected  that  it  would  not  obtain  a  very  strong  foothold. 
Upon  this  point  Dr.  Arthur |  writes  as  follows:  "Another 
circumstance  much  in  the  cultivator's  favor  is  the  propagation 
of  the  disease  without  the  formation  of  the  customary  teleuto 
spores  or  third  stage.  Not  only  does  this  render  the  disease 
far  less  persistent,  but  without  doubt  indicates  that  it  is  less 
vigorous  in  its  attacks.     In  general,  when  a  rust  is  confined 

*  Annual  report  of  the  Hatch  Experiment  Station  for  1896,  pp.  276-279. 
t  For  details  connected  wi^h  the  spread  of  the  rust,  etc.,  consult  Bulletin  No.  Sf), 
October,  IHOO,  Indiana  Agricultural  Experiment  Station. 
X  Bulletin  No.  8.'),  p.  128,  Indiana  Atrricultural  Experiment  Station. 
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to  the  uredo  forms  for  a  iminber  of  g-enerations,  its  vitality 
is  much  reduced,  and  also  its  power  of  injuring  the  cro}). 
So  long  as  the  teleuto  spores  do  not  make  an  appearance  in 
this  country,  the  careful  cultivator  may  feel  assured  that  a 
moderate  amount  of  timely  effort  will  enable  him  to  rid  his 
establishment  of  the  rust." 

From  data  contained  in  this  circular,  it  appears  that  the 
rust  was  most  prevalent  during  the  years  1897  and  1898,  or, 
in  other  words,  during  the  first  j'^ear  or  two  of  its  outbreak. 
At  this  time  it  became  more  generally  distributed  over  the 
State,  and  of  course  there  was  more  infection  as  a  whole. 
It  also  affected  the  individual  plants  more  severely  during 
the  first  outbreak  than  in  the  later  ones.  During  the  last 
three  years  it  has  shown,  as  a  whole,  a  marked  tendency  to 
decrease  in  this  State.  There  are,  to  be  sure,  individual 
growlers  who  report  an  increase  ;  but  this  increase  is  per- 
haps due  to  their  methods  of  cultivation,  and  not  taking 
sufficient  care  to  propagate  from  clean  stock.  One-third  of 
the  growers  state  that  they  never  had  the  rust  on  their  plants, 
and  were  familiar  with  it  only  as  they  had  seen  it  on  other 
stock,  while  others  have  only  experienced  a  slight  infection 
one  year.  One  florist  who  cultivates  40,000  plants,  states 
that  he  has  not  had  the  rust  for  three  years,  or  since  1898, 
and  at  that  time  he  had  it  only  to  a  very  slight  extent. 
The  amount  of  infection  which  has  been  prevalent  varies 
from  .1  per  cent,  to  50  per  cent.,  the  latter  figure  being 
exceptionally  high,  for  very  few  have  had  even  25  per  cent. 
as  a  maximum  amount  of  infection.  The  financial  damaore 
to  the  crop  is  far  less  than  the  above,  and  in  most  instances 
it  amounts  to  nothing.  The  w^orst  injury  appears  to  be  to 
the  gardeners'  pride,  inasmuch  as  a  large  percentage  of  the 
plants  are  grown  for  competition  in  shows ^  and  even  a  slight 
blemish  caused  by  two  or  tliree  rust  pustules  on  a  single 
leaf,  is  very  annoying  to  skilful  gardeners,  who  take 
pride  in  exhiljiting  their  plants.  Most  gardeners  agree  that 
weak  stock  is  the  most  susceptible  to  rust ;  and  if  weak, 
infected  plants  are  allowed  to  remain  in  close  proximity  to 
strong,  healthy  ones,  they  too  will  subsequently  become  in- 
fected.    The  variety  known  as  the  Queen  is  singled  out  as 
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the  one  most  susceptible  to  infection.  One  grower  believes 
that  pot-grown  plants  are  more  susceptible  to  rust  than  those 
planted  in  benches. 

The  remedies  suggested  by  the  different  growers  consist 
in  hand-picking  the  affected  leaves,  selecting  clean,  strong 
stock,  discarding  susceptible  varieties,  and  inside  culture. 
These  suggestions  appear  to  us  very  reasonable,  and  if  they 
are  carefully  carried  out  there  is  at  present  little  reason  to 
doubt  that  it  can  be  practically  eliminated.  In  regard  to 
the  practice  of  inside  culture  during  the  summer,  wc  find 
that  many  excellent  growers  lay  much  stress  on  this  prac- 
tice, and  from  what  we  have  seen  of  it  wc  consider  it  very 
essential  in  order  to  obtain  plants  free  from  rust.  The  reason 
that  inside  culture  results  in  less  infection  is  probably  due 
to  the  avoidance  of  mists  and  dews  on  the  foliage,  hence 
furnishing  less  favorable  opportunity  for  rust  spores  to  ger- 
minate and  cause  infection.  Care  should  also  be  taken  to 
keep  all  unnecessary  water  off  the  foliage  in  cultivating  in 
the  greenhouse.  One  successful  grower  makes  the  following 
statement:  "  I  have  found  that  when  plants  were  planted 
in  benches  in  a  good  house,  where  plenty  of  air  could  be 
admitted  and  the  soil  kept  in  good  physical  condition,  they 
were  almost  never  troubled  with  rust." 

Most  growers  are  unanimous  in  considering  the  chrysan- 
themum rust  of  little  consequence,  and  others  look  upon  it 
as  a  thing  of  the  past.  There  are  a  few,  however,  who  have 
not  succeeded  in  subduing  it,  who  still  think  it  a  serious  dis- 
ease. Some  have  resorted  to  spra3Mng,  with  results  that 
amount  to  little  more  than  partial  suppression.  It  appears 
from  our  own  observations,  as  well  as  from  those  obtained 
from  the  most  successful  growers  of  this  plant,  that  the 
proper  remedy  lies  in  the  judicious  selection  of  healthy, 
rust-free  stock,  and  inside  cultivation.  If,  however,  any 
of  the  leaves  become  infected,  thc}^  should  be  removed  and 
burned  immediately  ;  and  if  a  plant  is  badly  affected,  it 
should  be  destroyed.  In  whatever  manner  the  plants  are 
cultivated,  whether  in-doors  or  out-doors,  endeavor  to  keep 
the  dew  and  moisture  off  the  foliage  as  much  as  possible. 
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The  Effects  of  Desiccation  on  Soil. 
The  practice  of  desiccation  or  drying  greenhouse  soils  by 
aid  of  the  heat  of  the  summer  sun  has  been  in  vogue  with 
us  for  some  time,  for  the  purpose  of  observing  what  eifect 
such  treatment  would  have  on  certain  orsauisms.  We  have 
already  shown  that  the  Sclerotima  or  the  drop  fungus  when 
dried  is  greatly  accelerated  in  its  activity,  which  increases 
to  a  great  extent  the  amount  of  infection  in  the  succeeding 
crop  of  lettuce.  The  resting  spores  of  many  other  plants 
arc  undoubtedly  affected  in  the  same  way.  There  are  other 
effects  of  drying  on  the  soil  which  prove  rery  destructive 
to  the  development  of  lettuce  plants,  although  we  have  not 
•observed  this  effect  upon  other  species.  On  lettuce  we 
have  observed  this  repeatedly,  and  the  characteristic  re- 
sults of  such  drying  are  manifested  in  a  stunted  growth 
and  abnormally  colored  and  worthless  crop.  The  crop 
scarcely  ever  attains  more  than  one-third  of  its  size.  The 
texture  of  the  plants  is  poor,  being  thick  and  tough,  and 
inclined  to  crinkle.  That  this  is  caused  by  desiccation 
alone  is  shown  by  the  fact  that  wherever  any  drip  from  the 
roof  fell  upon  the  soil  during  the  summer  rains,  the  plants 
growing  in  such  places  were  alwaj'^s  normal.  Distinctly 
sharp  lines  can  be  observed  in  a  lettuce  crop  grown  under 
such  conditions,  owing  to  the  difference  in  development 
brought  about  by  desiccation  and  the  presence  of  a  small 
amount  of  water  due  to  dripping.  Instances  have  come  to 
our  notice  where  large  houses  devoted  to  lettuce  have  been 
allowed  to  become  quite  dry,  with  the  same  result  on  the 
crop  as  noted  above.  The  remedy  for  this  trouble  is 
obvious ;  namely,  not  to  allow  the  house  to  become  too 
dry  in  summer,  but  to  keep  the  soil  more  or  less  supplied 
with  water.  If  such  drying  occurs,  the  soil  can  be  entirely 
renovated  by  applying  hot  water  or  steam  to  it,  as  we  have 
already  shown  more  than  once. 

Melon  Failures. 
No  trouble  with  plants  has  been  more  general  in  New 
England  the  past  season  than  that  attending  the  growing 
of  muskmelons.     In  a  great  many  cases  this  crop  has  been  a 
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total  loss,  and  almost  without  exception  the  yield  has  been 
greatly  diminished  and  the  quality  of  nmch  of  the  fruit  put 
on  the  market  impaired.  In  two  previous  reports  (lyjJiJ 
and  1900)  we  have  mentioned  this  subject,  but  the  trouble 
has  never  been  so  general  before.  The  melon  blight  de- 
scribed in  our  report  for  1898  was  found  to  be  due  to  a 
leaf  spot  fungus  of  the  form  called  Alternaria.  This  disease 
appeared  in  the  latter  part  of  August,  as  the  fruit  was  ap- 
proaching maturity,  and  soon  killed  the  vines  so  completely 
that  the  crop  in  the  aliected  field  was  a  total  loss.  The 
trouble  was  not  at  the  time  general  throughout  the  State 
or  even  in  the  immediate  region,  though  it  had  previously 
been  known  in  other  States.  The  following  year  the  same 
disease  occurred  quite  abundantly,  and  along  with  it  the  well- 
known  cucumber  anthracnose  {Golletotrichum  lagenarium) 
was  very  prevalent  on  muskmelons  and  watermelons.  This 
second  disease  appeared  earlier  in  the  season  than  the 
Alternaria^  coming  on  in  July.  Between  the  two  diseases 
and  the  gradual  spread  of  the  trouble  the  damage  to  the 
melon  crop  was  considerably  greater  in  1899  than  during 
tlie  previous  year,  and  many  growers  determined  to  gi^■e  up 
this  crop.  In  1890  more  or  less  trouble  was  experienced, 
but  not  to  a  marked  degree.  In  that  year,  however,  there 
appeared  in  the  State  upon  greenhouse  cucumbers  for  the 
first  time,  so  far  as  known,  since  1889,  the  downy  mildew 
of  the  melon,  cucumber  and  similar  plants.  During  the 
past  season  of  1901  complaint  has  been  general  from  all 
sections  of  the  State  of  the  complete  failure  of  the  musk- 
melon  crop.  Examination  of  the  first  material  sent  in 
revealed  the  fact  that  still  a  third  disease  had  come  upon 
this  unfortunate  plant,  —  the  downy  mildew  was  abundant 
on  every  aft'ected  leaf.  This  proved  to  be  the  case  in  every 
instance.  Afl'ected  plants  from  Amherst,  South  Amherst, 
Belchertown,  AVorcester,  Lancaster,  Fitchburg,  Belmont, 
Andover  and  other  towns  in  the  State  all  showed  the  downy 
mildew  (^Plasmopara  cuhensis)^  while  in  most  instances  one 
or  both  of  the  other  two  fungi  were  also  present  on  the 
same  leaves. 

The  consideration  of  this  trouble  is  therefore  a  complex 
one,  and  each  of  these  destructive  fungi  must  be  taken  into 
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account.  It  must  be  remembered  that  each  is  a  definite 
organism,  growing  parasitically  upon  the  leaves  of  tlie 
melon,  and  having  its  regular  course  of  development. 

Taking  up  each  disease  separately,  we  find  the  Alternaria 
less  abundant  this  3'ear  than  when  it  first  appeared.  No  in- 
stances have  been  found,  as  was  certainly  the  case  in  1898, 
of  this  fungus  alone  being  the  cause  of  the  trouble.  It  may 
be  mentioned  here,  however,  that  specimens  of  the  melon 
blight,  now  so  prevalent  in  the  extensive  Colorado  melon 
districts  about  Rocky  Ford,  sent  by  Mr.  H.  H.  Grifiin  of 
the  Colorado  Experiment  Station,  show  only  a  fungus  appar- 
ently identical  with  our  Alternaria.  All  oiu*  experience 
indicates  that  trouble  from  this  source  alone  is  not  to  be 
looked  for  until  comparatively  late  in  the  season,  —  not, 
probably,  before  August  1. 

The anthracnose  (^Colletotrichwn)  causes  a  well-known  leaf 
blight  on  greenhouse  cucumbers,  and  has  been  \qvj  com- 
mon on  melons  the  past  season.  It  is  more  usual  on  water- 
melons than  muskmelons,  having  often  been  the  cause  of 
serious  damage  to  the  former.  On  both  species  it  attacks 
the  fruit  as  well  as  the  leaves,  causing  spotting  and  decay. 
This  fungus  is  not,  apparently,  as  definite  in  the  time  of  its 
appearance  upon  melons  as  either  of  the  others,  but  is  liable 
to  come  on  earlier,  and  generally  does  so  when  abundant. 

The  downy  mildew  has  been  comparatively  unknown  in 
this  State  up  to  the  present  outbreak.  It  is  now  abundant  on 
greenhouse  cucumbers,  and  occurred  everywhere  on  musk- 
melons last  summer.  Farther  south  it  has  been  well  known 
on  these  plants  for  some  time.  The  appearance  of  the  fungus 
on  melons  is  not  to  be  looked  for  here  before  Aug^ust  1  and 
quite  commonly  it  did  not  become  destructive  last  season 
until  September  1. 

A  typical  case  of  the  simultaneous  occurrence  of  these 
three  diseases  occurred  at  Mr.  A.  A.  Marshall's  place  at 
Fitchburg,  Mass.,  where  the  growing  of  muskmelons  is  made 
a  specialty.  Eight  acres  were  grown,  all  in  one  field,  and 
all  of  one  variety,  the  Miller's  Cream.  At  one  end  of  the 
field  the  ground  was  slightly  rising,  and  on  this  portion  the 
same  crop  had  been  grown  the  preceding  year,  the  rest  of 
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the  field  being  new  to  melons.  About  July  'I'l  it  was  first 
noticed  that  a  blight  was  appearing  on  the  vines  on  the  old 
ground.  This  did  not  increase  verj'  rapidly  or  cause  any 
serious  damage  for  some  time.  When  visited,  on  August 
17,  picking  had  just  commenced,  and  the  croj)  was  mostly 
in  excellent  condition.  In  the  most  atfected  part  a  few 
plants  were  dead  or  had  been  pulled  out,  and  many  leaves 
were  spotted ;  some  of  the  fruit  also  showed  spotting  and 
decay.  Examination  of  the  badly  affected  plants,  ^.e.,  those 
Avhich  had  been  earliest  attacked,  showed  the  presence  of 
the  anthracnose  in  great  abundance,  some  AJternaria^  while 
the  downy  mildew  appeared  to  be  just  coming  on.  The 
decay  of  the  fruit  was  due  entire!}'  to  the  anthracnose. 
From  this  time  on  the  trouble  spread  rapidly  to  other  parts 
of  the  field,  and  in  this  later  attack  the  mildew  was  almost 
entirely  the  cause  of  the  trouble.  In  other  places  also, 
where  no  disease  appeared  until  about  September  1,  the 
rapid  destruction  which  followed  was  due  to  the  same  cause. 

From  all  the  cases  reported  it  is  evident  that,  except  for 
the  rather  unusual  case  of  the  anthracnose  becoming  abun- 
dant in  Jul}',  the  chief  trouble  with  the  melon  crop  comes 
on  about  September  1,  or  in  the  last  days  of  August,  just  as 
the  fruit  begins  to  mature.  The  appearance  of  a  badly 
blighted  field  is  a  most  discouraging  one  to  the  melon 
grower,  the  ground  being  covered  with  good-sized  but 
mostly  flavorless  worthless  melons  among  the  dead  vines. 
It  therefore  comes  about  that  a  saving  of  the  vines  for  two 
weeks  at  this  time  is  of  supreme  importance,  and  even  one 
week  means  often  the  difference  between  profit  and  loss  to 
the  grower. 

Treatment .  —  In  order  to  gain  this  period  in  the  life  of 
the  plant,  the  most  obvious  methods  are  by  getting  an  early 
start,  by  the  use  of  early  varieties,  and  by  i)rotecting  the 
l)lant  by  spraying.  Each  of  these  is  of  practical  impor- 
tance. The  first  is  often  practised  by  starting  the  plants 
in  hot-houses  or  frames,  and  trans})lanting  later  to  the  open 
field.  This  method  has  been  used  with  promising  results, 
and  deserves  a  trial  wherever  practicable.  The  choice  of 
varieties  is  largely  a  matter  of  personal  taste  in  this  crop, 
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man}^  growers  having  their  own  strains,  from  which  they  would 
depart  only  with  great  reluctance.  It  can  only  be  said  that 
the  earliest  varieties  which  are  otherwise  satisfactory  should 
be  grown.  From  the  present  outlook,  the  early  fruit  must 
form  the  bulk  of  the  melon  crop. 

8jirai/ing.  —  Considerable  success  in  preventing  the  at- 
tacks of  all  these  fungi  has  been  obtained  in  various  experi- 
ments and  places  by  spraying  melons  and  cucumbers.  No 
very  extensive  results  have  been  obtained,  however,  with 
the  melon  crop  in  this  State.  Mr.  Marshall's  fields  were 
sprayed  seven  or  eight  times  during  the  season  with  various 
copper  fungicides.  All  the  plants  were  sprayed,  so  that  it 
is  impossible  to  say  just  what  was  gained,  and  whether  the 
anthracnose  which  appeared  in  July  would  otherwise  have 
proved  more  destructive.  Judged  by  the  case  described  in 
our  1900  report,  there  was  a  decided  gain  in  this  respect. 
Certainl}^  ]Mr.  ]Marshairs  vines  kept  alive  some  time  longer 
than  the  average  in  the  State  or  vicinity,  and  the  spraying 
appeared  to  have  been  of  advantage.  INIr.  L.  W.  Goodell, 
the  Pansy  Park  seedsman,  sprayed  with  Bordeaux  mixture, 
and  in  his  field  a  gain  of  from  one  to  two  weeks  in  the  life  of 
the  most  thoroughly  spra3"ed  portions  was  plainly  apparent. 
Thorough  spraying  of  melons  is  difficult,  for  two  reasons,  — 
the  prostrate  position  of  the  plant,  making  it  almost  impos- 
sible to  spray  the  under  side  of  the  leaves,  and  the  rough, 
liauy  surface  of  the  leaf,  to  which  the  spray  does  not  readily 
adhere. 

At  present  the  following  recommendations  seem  advisable 
for  this  trouble  :  try,  by  the  methods  suggested  above,  to 
mature  the  crop  as  early  as  possible  ;  spray  with  Bordeaux 
mixture  with  great  thoroughness  throughout  the  season,  be- 
ginning as  early  as  July  1 . 

Stem  Rots  and  Wilt  Diseases. 
Troubles  of  this  sort,  in  which  aflected  plants  show  a  wilt- 
ing and  withering  of  the  leaves,  caused  by  a  more  or  less 
rapid  decay  of  the  stem,  appear  to  be  largely  on  the  in- 
crease in  cultivated  plants.  Three  such  diseases  are  of  spe- 
cial importance  at  present,  owing  to  their  rapid  increase. 
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These  are  the  stem  rots  of  the  chrysanthemum,  carnation  and 
aster,  all  of  comparatively  recent  occurrence,  but  becoming 
more  and  more  serious  each  year. 

Chrysanthemum  Stem  Bot.  —  This  disease  has  been  known 
in  ^lassachusetts  only  during  the  past  two  years,  but  has  . 
rapidly  increased,  and  is  considered  by  many  growers  as 
the  most  serious  trouble  threatening  this  important  plant. 
It  is  characterized  by  a  slow  fading  and  withering  of  the 
leaves,  beginning  towards  the  bottom  and  gradually  working 
up  the  stem.  The  flower  develops  poorly  or  not  at  all,  and 
the  whole  plant  tinally  dies  prematm-ely.  The  cause  of  the 
disease  is  a  fungus  which  grows  in  the  stem  and  tills  up  the 
large  ducts  or  vessels  through  which  the  water  nuist  pass  in 
coming  up  from  the  roots.  The  development  of  this  fungus 
has  not  yet  been  closely  followed  ;  but,  since  it  is  a  species 
oi  Fusarium,  similar  forms  of  which  cause  like  diseases  in 
other  plants,  there  can  be  but  little  doubt  that  the  plant  is 
first  attacked  from  the  soil,  whence  the  fungus  spreads  into 
the  stem  and  on  up  through  it  to  a  considerable  height.  As 
the  pores  become  more  and  more  clogged  Avith  the  fungous 
growth,  the  water  supply  to  the  leaves  is  diminished,  and 
consequently  they  gradually  die  and  wither  away.  It  is 
noticeable  that  this  disease  appears  most  commonly  as  a  re- 
sult of  conditions  favoring  "damping  off."  Where  young 
plants  are  crowded  in  flats  or  beds,  those  in  the  centre  are 
generally  the  ones  to  show  the  trouble.  This  is  likewise 
true  with  the  other  diseases  of  this  class  mentioned  here, 
and  such  conditions  should  be  avoided.  The  soil  is  to  be 
looked  upon  as  the  chief  source  of  infection  in  all  such 
troubles.  There  is  no  danger  of  contagion  in  well-rooted 
plants  by  spores  in  the  air,  as  with  rusts,  mildews  and  simi- 
lar diseases.  Healthy  propagating  stock,  fresh  soil,' or  that 
which  has  been  sterilized,*  and  hygienic  conditions,  are  the 
most  effectual  means  of  controllin<>:  such  a  trouble  as  this. 

Carnation  Stem  Rot.  —  This  disease  has  been  longer  and 
more  generally  known  than  that  of  the  chrysanthenmm,  but 

*  One  florist  who  grew  125,000  chrysanthemums  sterilized  the  soil  in  ten  houses, 
200-300  feet  long  and  20-30  feet  wide.  Three  and  one-half  houses,  300  feet  long 
and  18-40  feet  wide,  in  which  carnations  are  growing,  were  also  sterilized.  The 
result  of  this  experiment  has  not  as  yet  been  ascertained. 
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it  is  of  compiirativel}^  recent  occurrence.  Most  growers, 
however,  know  and  fear  it  more  than  the  rust  or  any  other 
carnation  disease.  It  has  been  found  that  there  are  in  reality 
two  distinct  stem  rots  of  the  carnation,  caused  by  two  differ- 
ent fungi.  In  one  a  soft  rotting  of  the  whole  stem  occurs 
just  at  the  surface  of  the  ground,  thus  killing  the  plant 
quickly  and  completely.  This  is  caused  by  the  Rhizoctonia 
fungus  described  in  our  Bulletin  No.  69  as  the  cause  of  a 
lettuce  rot,  and  what  is  said  there  in  regard  to  this  destruc- 
tive parasite  applies  equally  well  in  the  carnation  disease. 
Since  this  fungus  produces  no  spores  to  disseminate  it  in 
the  air,  but  is  limited  to  growth  in  the  soil,  sterilization  by 
means  of  steam  gives  absolute  results  in  preventing  the  dis- 
ease, if  healthy  propagating  stock  is  used.  Another  carna- 
tion stem  rot  is  caused  by  a  Fusarium  similar  to  that  in  the 
chrysanthemum.  In  this  case  a  soft,  rapid  decay  does  not 
occur,  as  in  the  Rhizoctonia  disease,  but  the  fungus  works 
up  through  the  pores  of  the  stem,  gradually  clogging  them, 
and  the  plant  slowly  fades  away  and  dies.  The  stem  goes 
to  pieces  in  the  last  stages  of  the  disease,  but  may  be  badly 
affected  some  time  before  this,  the  first  symptoms  appearing 
in  the  wilting  of  the  plant.  The  use  of  healthy  stock  and 
fresh  or  sterilized  soil  is  to  be  strongly  urged  where  this 
disease  has  appeared,  as  well  as  the  removal  of  all  affected 
plants  and  the  soil  near  them  from  the  bed. 

Aster  Stem  Rot.  —  A  Fusarium  stem  rot  of  the  China 
aster  is  very  common  and  destructive,  and  seems  to  be  on 
the  increase.  This  disease  will  be  more  fully  described  in 
a  bulletin  of  this  division.  Our  investigations  have  shown 
that  it  is  always  first  contracted  as  a  "damping  off"  in  the 
seed  bed.  Some  plants  die  at  this  stage,  but  many  live  to 
be  set  out  in  the  bed.  Here  the  disease  manifests  itself  at 
almost  any  time,  by  a  gradual  wilting,  fading  and  death  of 
the  plant.  Only  in  the  last  stages  does  the  rotting  of  the 
stem  appear  ;  long  before  this  the  pores  are  clogged  by  the 
fungus,  and  wilting  produced  as  in  the  other  diseases.  So  far 
as  our  results  go,  it  is  possible  to  entirely  avoid  the  trouble 
by  starting  the  plants  in  the  open  ground,  or  otherwise 
avoiding  "damping  off"  conditions.     Thousands  of  plants 
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thu.s  started  luivc  been  grown  on  land  badly  infected  with 
the  disease,  without  a  single  case  of  stem  rot.  In  this  case, 
however,  some  other  troubles  with  a  similar  effect  nmst  also 
be  considered,  particularly  the  attacks  of  root  lice,  one  of 
the  worst  pests  with  asters.  All  of  these  will  be  fully 
discussed  in  the  forthcoming  bulletin. 

The  Present   Status   of   Asparagus  Rust   in  Massa- 
chusetts. 

The  asparagus  rust  made  its  appearance  as  usual  in  either 
one  form  or  another  during  the  summer  and  early  fall.  In 
July  and  August  outbreaks  of  the  uredo  stage  were  per- 
haps not  so  severe,  as  a  whole,  as  in  some  other  years ; 
nevertheless,  it  was  severe  enough  to  be  likely  to  cause 
damage  to  the  crop  next  year.  The  distribution  of  the  rust 
in  this  State  remains  nearly  the  same  as  it  has  for  some 
years,  although  within  the  last  two  years  there  has  been  a 
slight  tendency  for  the  uredo  stage  to  show  itself  on  some 
beds  which  heretofore  have  never  presented  anything  but 
the  teleuto  spore  stage.  These  beds  appear  to  be  in  soil 
presenting  more  water  retentivity  than  those  soils  upon 
which  the  rust  has  caused  the  most  injury  in  years  past.  In 
this  connection  it  should  be  stated  that,  while  the  uredo 
stage  has  shown  on  them,  it  does  not  occur  nearly  so  early 
or  so  severely  as  on  the  lighter  soils.  The  uredo  spore 
stage  occurred  in  the  latter  part  of  August  on  these  beds. 
Other  than  these  few  instances,  the  distribution  of  the  uredo 
spore  stage,  which  constitutes  that  form  of  the  rust  causing 
practically  the  onl}^  injury,  is  about  the  same  as  it  has  been. 

The  rust  constitutes  a  very  serious  factor  to  asparagus 
growers,  especially  to  those  who  have  a  large  number  of  acres 
located  in  infested  regions.  On  account  of  the  high  i)rices 
of  asparagus  in  the  market  last  spring,  the  financial  returns 
were  not  so  unfavorable  as  they  might  have  been,  consider- 
ing the  small  yield  due  to  the  effect  of  rust.  The  great  diffi- 
culty that  now  exists  with  those  growing  asparagus  on  dry 
soils  subject  to  rust  infection  is  in  starting  new  beds.  The 
young  beds  rust  so  much  earlier  than  the  old  ones  that  they 
suffer  more  severely  as  a  consecjuence,  and  in  many  cases 
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are  ^o  weakened  that  it  looks  questionable  whether  the}' 
will  ever  develop  into  an3thiug  of  value. 

AVe  have  previously  attempted  to  show  that  the  outbreak 
of  the  uredo  spore  stage  in  this  State  bears  a  direct  relation- 
ship to  the  water  retentivity  of  the  soil :  that  is  to  say, 
during  a  season  of  drought,  soil  capable  of  holding  a  small 
percentage  of  water  becomes  exceedingly  dr}^  and  it  is  on 
these  soils  that  plants  suffer.  There  has  been  nothing 
observed  to  disprove  this  idea,  as  we  still  find  the  uredo 
or  injurious  stage  of  the  rust  usually  occurring  on  those 
soils  which  are  light,  and  we  do  not  get  this  stage  on  plants 
grown  on  other  soils.  We  have  made  a  gi'eat  many  addi- 
tional analyses  of  soils  of  the  State  dm-ing  the  past  two 
years,  and  the  results  obtained  from  such  analyses  bear  out 
these  conclusions.  It  is  also  noticeable  that  in  those  regions 
where  the  soil  is  lighter  and  more  porous  the  uredo  spore 
infection  shows  itself  earliest  each  season,  and  where  the 
soil  is  heavier  and  more  compact  infection  is  later,  hence 
doing  less  damage.  Beds  situated  in  regions  where  the 
latter  conditions  prevail  have  not  been  damaged  nearly  so 
much  in  the  last  five  years  as  those  situated  in  the  lighter 
and  more  porous  soils. 

The  foundation  of  the  idea  of  the  relationship  existing 
between  the  soil  and  the  uredo  outbreak  is  based  upon  vigor. 
In  seasons  of  drought  plants  become  very  much  weakened, 
hence  they  become  infected :  while  those  plants  grown  in 
neighboring  towns,  which  are  characterized  b}'  much  heavier 
soil,  never  have  anything  but  the  teleuto  spore  stage  occur- 
ring in  September  or  October.  The  teleuto  spore  stage  ap- 
pears to  be  widely  distributed  in  the  State,  and  has  been  so 
from  the  very  first.  The  question  naturally  arises,  Why  do 
these  teleuto  spore  infected  beds  not  have  a  summer  stage? 
There  are  certainly  plenty  of  beds  which  do  not  have  it,  and 
their  distribution  is  wide.  All  the  theories  relating  to  the 
influence  of  such  factors  as  dew,  elevation,  points  of  com- 
pass, shelter,  utterly  fail  to  account  for  a  lack  of  uredo 
spore  infection  on  these  beds.  The  principal  and  most 
important  difference  found  in  these  beds  which  are  subject 
to  the  summer  and  fall  infection  is  the  one  of  soil  text- 
ure and  water-retaining  capacity,  which  enables  the  plants, 
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other  conditions  being  equal,  to  remain  vigorous  during 
seasons  of  drought.  AVhen  the  asparagus  rust  first  made  its 
appearance,  tliere  could  be  seen  beds  in  which  one  portion 
was  infected,  while  the  other  showed  not  the  slightest  trace 
of  disease.  The  only  dift'erences  existing  in  the  plants  were 
in  their  ajje  and  treatment.  The  dift'erences  of  infection  in 
these  cases  were  due  to  dificreut  degrees  of  vigor.  But 
such  beds,  being  in  regions  where  the  soil  is  very  sandy, 
subso(|uently  became  rusted.  One  bed  on  the  college  ground 
has  had  the  fall  stage  since  1890,  it  usually  appearing  be- 
tween September  15  and  October  1.  It  has,  however,  never 
shown  any  trace  of  the  rust  in  summer,  or  previous  to 
September.  Other  beds,  both  young  and  old,  situated  close 
by,  have  been  entirely  free  at  times,  and  only  insignificant 
teleuto  spore  pustules  have  been  found  on  them  very  late  in 
the  fall.  All  the  beds  are  situated  on  soils  possessing  high 
water-retaining  properties,  as  well  as  an  abundant  supply  of 
water  from  below. 

Some  attention  was  given  to  the  rust  problem  by  this 
division  during  the  summer,  and  many  localities  have  been 
examined.  We  have  also,  as  usual,  sent  out  a  series  of 
circulars,  asking  for  information  on  certain  points.  Among 
other  questions  asked  were  those  relating  to  the  effect  of  dew, 
elevation  and  sliclter  from  tree  growths,  etc.,  on  infection. 
Not  a  single  instance  has  been  brought  to  our  attention 
where  the  shelter  produced  by  forest  growths  or  crops  has 
exerted  any  influence.  As  to  the  eflcct  of  elevation,  con- 
siderable diflerences  have  ahvays  been  observed  by  us  in  the 
amount  of  rust  on  a  single  bed,  and  such  instances  have 
been  reported  by  asparagus  growers  in  their  correspondence. 
Where  a  bed  runs  down  a  little  elevation,  and  where  there 
are  more  moisture  and  organic  matter  contained  in  the  soil, 
the  plants  are  larger,  more  luxuriant,  and  there  is  less 
infection.  No  grower  has  been  able  to  give  us  the  slightest 
hint  that  plants  are  prone  to  show  more  infection  in  regions 
that  are  subject  to  dews.  Since  there  is  likely  to  be  more 
dew  deposited  on  the  lower  part  of  a  bed  than  on  the  upper 
part  of  it,  and  if  this  factor  is  alone  responsible  for  infection, 
we  would  expect  to  find  more  rust  on  those  i)lants  grown  on 
the  low  portions  of  the  bed  than  on  the  upper  part.     This  is, 
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however,  as  we  have  stated,  not  borne  out  by  our  observa- 
tions ;  on  the  other  hand,  the  reverse  is  true.  In  general, 
elevation  is  connected  with  dew  only  in  a  relative  sense, 
inasmuch  as  a  location  300  feet  above  the  sea  may  be  subject 
to  less  dew  than  one  600  feet  in  height.  And  it  is  not  to 
be  presumed,  as  one  writer  has  inferred,  that  the  elevation 
above  the  sea  level  necessarily  indicates  in  every  instance 
the  amount  of  dew  which  ought  to  be  present  there  ;  in  other 
words,  local  conditions  affect  the  amount  of  dew.  On  Long 
Island  it  is  reported  that  the  lower  beds  rust  first,  and  then 
those  on  higher  elevations.  It  may  be  perfectly  true  that 
this  takes  place  in  that  region  and  on  those  soils,  although 
no  such  instance  has  come  to  our  knowledge  in  this  State. 
When  plants  are  not  resistant  enough  to  stand  uredo  spore 
infection  it  is  not  difficult  to  understand  how  this  might  take 
place  ;  but  the  presence  of  any  amount  of  dew  fails  to  infect 
some  beds  in  this  State.  The  principal  bed  on  the  college 
grounds  is  located  near  a  pond,  and  only  a  few  feet  above 
it.  If  the  effect  of  dew  constitutes  an  important  factor  for 
uredo  spore  infection,  then  it  would  seem  as  if  this  bed 
ought  to  show  it,  but  fortunately  it  never  has. 

There  is  evidence,  however,  that  dew  plays  an  important 
part  in  asparagus  rust  infection  in  those  regions  where  all 
of  the  conditions  are  favorable  for  uredo  spore  outbreak ; 
or,  in  other  words,  there  are  local  conditions  that  exert  an 
influence ;  but  it  appears  to  exert  no  such  influence  so  far 
in  those  beds  which  show  resistance  enough  to  overcome  the 
uredo  stage.  We  have  repeatedly  seen  plants  grown  under 
trees,  or  in  any  place  where  they  were  shaded  by  some  cov- 
ering, that  scarcely  showed  the  rust,  whereas  those  plants 
just  outside  of  the  covering  of  the  limbs,  etc.,  might  be 
badly  affected.  Our  attention  has  been  repeatedly  called  to 
this  peculiarity  by  correspondence  with  asparagus  growers, 
and  this  freedom  from  susceptibility  in  such  local  instances 
is  undoubtedly  caused  by  the  absence  of  dew.  These  facts 
suggest  a  possible  remedy  for  the  rust,  —  at  least  in  the 
starting  of  young  plants.  The  young  plants  rust  much 
more  easily  than  the  old  ones  ;  they  arc  much  more  severely 
injured,  and  are  a  constant  source  of  contamination.     If 
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these  can  be  started  under  cheese  cloth  covers,  such  as  are 
now  being  so  extensively  used  by  tobacco  growers  in  the 
Connecticut  valley,  it  would  certainly  be  an  advantage  to 
get  such  plants  started  before  setting  them  out  into  perma- 
nent beds ;  and  it  would  seem  that  the  covering  of  cheese 
cloth  would  be  as  effectual  as  the  tree  covering  in  keeping 
oil'  the  dew,  thus  rendering  them  less  susceptible  to  rust. 
Some  asparagus  growers  have  already  considered  this  method 
of  cultivation. 

Experiments  in  spraying  with  the  formula  recommended 
by  the  Geneva  station  were  tried  during  the  past  summer. 
This  spraying  was  not  done  so  often  or  so  thoroughly  as  it 
could  be  done  with  the  apparatus  recommended  for  this  work. 
At  the  close  of  the  season  the  results  of  the  applications 
were  readily  discernible,  in  the  greener  color  and  more 
vigorous  shoots  of  the  treated  plants.  This  method  is  a 
costl}^  one  to  apply,  on  account  of  its  requiring  a  special 
apparatus  and  a  fungicide  which  is  difficult  to  prepare  ;  thus 
asparagus  growers  do  not  take  to  it  at  present. 

Fully  as  favorable  results  in  one  instance  were  obtained 
by  the  application  of  Paris  green  to  a  j^oung  bed.  In  this 
instance  a  large  bed  was  treated  twice  for  beetles  during 
the  summer.  About  August  18  the  uredo  stage  of  the  rust 
commenced  to  show  somewhat  on  the  plants,  and  at  this 
time  one-half  of  the  bed  was  treated  with  Paris  green  early 
in  the  morning,  when  the  plants  were  covered  with  dew. 
This  treatment  seemed  to  arrest  the  outbreak  of  the  rust  to 
quite  a  remarkable  extent.  This  method  of  treating  is  a 
very  cheap  one,  as  Paris  green  is  not  expensive,  and  the 
ease  with  which  it  can  be  put  on  makes  the  application  far 
less  expensive  than  by  spraying  w^th  certain  other  fungi- 
cides. These  plants  were  evidentl}'  treated  just  in  the  right 
time  to  be  eftective.  From  the  results  obtained,  it  would 
be  worth  Avhile  to  give  this  method  of  treatment  further 
trial.  It  is  expected,  however,  that  some  experiments  along 
other  lines  than  those  heretofore  conducted  will  be  tried 
next  year,  from  which  it  is  hoped  that  some  results  of  im- 
portance will  be  ol)tained. 
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Sterilization    of    Soil    in    Greenhouses    for    Fungous 

Diseases. 

This  method  of  treating  soil  infected  with  disease-pro- 
ducing organisms  or  germs  has  been  frequently  dealt  with  in 
the  publications  of  this  division  and  elsewhere.  AVe  have 
recommended  this  method  for  the  extermination  of  such 
fungous  pests  in  the  soil  as  cause  the  drop  in  lettuce  and 
other  plants,  the  timber  rot  in  cucumbers,  the  Rhizoctonia 
and  damping  fungus  {Pythium  De  Baryanmii) ,  and  in  part 
the  stem  rot  in  carnations.  It  has  also  been  recommended 
for  nematode  worms,  diseases  caused  by  Heterodera.,  which 
affect  indoor  cucumbers,  tomatoes,  roses,  violets,  cyclamens, 
muskmelons  and  other  greenhouse  plants,  and  for  the  aphis 
and  red  spider.  It  is  also  effective  in  the  destruction  of  weed 
seeds.  One  lettuce  grower  maintained  that  it  paid  to  steril- 
ize soil  for  this  purpose  alone.  Heating  of  the  soil  greatly 
accelerates  the  growth  of  plants,  and  when  this  method  of 
treatment  is  applied  to  lettuce  houses  affected  with  the  drop 
and  Wiizoctonia,  it  successfully  eliminates  these  diseases, 
which  are  all  a  skilful  grower  needs  concern  himself  about. 
This  method  of  treatment  has  not  been  recommended  for 
such  diseases  as  top-burn,  mildew  of  lettuce,  nor  for  the 
damping  fungus  (Botrytis)  in  propagating  pits,  or  for  any 
other  fungi  giving  rise  to  diseases  which  are  freely  dissem- 
inated by  spores.  Neither  does  this  method,  as  ordinarilj^ 
applied,  succeed  in  accomplishing  absolute  sterilization  of 
the  soil.  It  is  merely  a  sort  of  pasteurization.  Cultures 
of  the  soil  heated  to  212°  F.  for  a  short  time  would  show 
numerous  bacteria,  and  myriads  of  others  subsequently 
come  in  from  the  air  and  through  the  water  applied  to  the 
soil. 

The  last  year  has  seen  quite  remarkable  strides  made  in 
the  practice  of  methods  of  ridding  the  soil  of  parasitic  organ- 
isms by  means  of  heat.  On  account  of  the  extensive  use 
of  the  sterilization  method  on  a  large  scale  by  the  most 
efficient  and  practical  gardeners,  the  process  has  been  made 
very  much  cheaper,  and  hastened  to  a  large  degree.  At  the 
present  time  whole  ranges  of  greenhouses  owned  by  single 
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individuals,  represent ing  in  some  eases  some  acres,  are  now 
sterilized,  and  the  method  has  been  employed  out  of  doors 
to  some  extent.  ]Many  of  the  houses  treated  are  300  or 
more  feet  in  lenojth  and  from  40  to  50  feet  wide.  Some 
market  gardeners  have  practised  sterilization  of  their  houses 
for  three  years ;  not,  however,  for  the  sole  purpose  of  rid- 
ding the  soil  of  certain  disease-producing  organisms,  as  that 
could  be  accomplished  by  one  treatment  when  properly 
done,  but  largely  for  the  purpose  of  increasing  their  crops. 
xV  great  many  experiments  have  been  made  by  this  division 
during  the  last  six  years  on  various  crops,  in  which  the 
growth  of  plants  in  sterilized  soil  was  compared  with  the 
grow^th  of  the  same  species  of  plants  in  precisely  similar 
earth  not  sterilized.  The  effect  of  sterilization  is  quite 
marked  in  such  experiments.  W.  W.  Rawson,  one  of 
our  largest  lettuce  srowers  in  the  State,  who  has  observed 
the  effect  of  sterilization  on  his  own  crops  for  two  or  three 
years,  declared  that  he  would  rather  have  one  inch  of  ster- 
ilized soil  on  his  beds  than  any  fertilizer  w^hieh  he  had  ever 
tried.  For  the  purpose  of  determining,  on  a  larger  scale 
than  we  had  heretofore  shown,  the  effect  heating  the  soil 
had  upon  the  acceleration  of  a  crop  of  lettuce,  we  made  the 
following  experiment  in  one  of  our  houses  :  — 

Two  beds  of  nearly  equal  size  were  chosen,  one  of  which 
was  treated  with  hot  water  until  the  soil  was  soaked,  and 
which  showed  an  average  temperature  of  145°  F.  at  the 
depth  of  4  inches  below  the  surface.  The  seed  and  prickers 
were  also  planted  in  boxes  of  earth  which  had  been  heated 
to  212°  F.  with  steam.  The  other  bed  remained  untreated, 
and  likewise  the  soil  in  which  the  seed  and  prickers  were 
started.  Other  than  the  hot  water  treatment  given  to  the 
previously  described  bed,  no  perceptible  difference  existed. 
The  number  of  plants  in  the  treated  bed  was  308  ;  the  num- 
ber in  the  untreated  bed  Avas  2(U.  The  results,  however, 
were  very  marked,  as  shown  below  :  — 
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Table  shoioituj  Difference  in  Lettuce  Plants  iji-own  in  Sterilized 
and  Un sterilized  Soil. 


Plants  in 
Untreated  Soil. 

Plants  in 
Treated  Soil. 

Per  Cent, 
of  Gain. 

Average  weight  of  largest  plants  (grams), 

137.5 

206.6 

33 

Average  weight  of  tj'pical  plants  (grams) , 

56.2 

86.3 

33 

Excess  of  water  in  treated  plants  over  that  of 
untreated. 

- 

- 

2.2 

The  average  weight  of  the  largest  plants  represented  that 
taken  from  four  specimens  selected  from  each  bed  in  corre- 
sponding rows  and  close  proximity.  The  four  typical  plants 
from  each  bed  were  selected  at  random,  and  they  happen 
to  show  the  same  relative  weight  to  each  other  as  the  larg-est 
ones  do.  The  weights  were  all  taken  when  the  crop  was 
four  weeks  along  in  the  house  and  the  treated  ones  were 
nearly  ready  for  marketing.  The  plants  were  selected  and 
weighed,  and  the  amount  of  water  determined  in  each  lot, 
by  Mr.  A.  L.  Dacy,  a  student  of  the  present  senior  class, 
who  had  charge  of  the  house  and  who  was  quite  familiar 
with  the  crop.  The  per  cent,  gain  by  starting  the  seed  in 
sterilized  soil  and  also  transplanting  the  prickers  in  simi- 
larly treated  soil,  then  transplanting  into  soil  treated  with 
hot  water,  was  33  per  cent.,  which  is  a  fair  average  increase 
due  to  this  method  of  treatment. 

The  writer  has  made  comparisons  of  lettuce  plants  grown 
in  a  rather  poor  quality  of  soil,  one  lot  being  sterilized  and 
the  other  treated  with  the  best  possible  combination  of 
commercial  fertilizers,  with  the  result  that  the  sterilized 
plants  compare  most  favorably  with  those  treated  with 
fertilizers.  This  does  not  imply  that  sterilization  will  nec- 
essarily dispense  with  the  use  of  fertilizers  in  the  lettuce 
crop,  if  one  wishes  to  apply  them  ;  as  a  matter  of  fact, 
however,  they  are  seldom  employed.  The  lettuce  plant 
requires  an  exceedingly  large  amount  of  organic  matter  in 
the  soil,  and  for  this  reason  a  generous  supply  of  well- 
rotted  horse  manure  is  continually  employed,  for  the  double 
purpose  of  supplying  organic  matter  and  plant  food.     Plants 
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grown  in  sterilized  soil  are  always  lighter  colored  and  more 
tender,  and  it  is  not  a  difficult  task  for  an  expert  to  pick 
out  such  plants  in  the  market.  Neither  is  it  difficult  to  as- 
certain, from  market  specimens,  to  about  what  temperature 
lettuce  plants  have  been  subjected.  In  this  respect  the  dif- 
ferences in  plants  are  marked  in  a  house  where  the  soil  has 
been  treated  twice  as  long  in  one  place  as  in  another.  A 
gardener  can  readily  i)ick  out  such  places.  It  will  be  no- 
ticed in  the  table  that  there  is  2.2  per  cent,  more  water  in 
the  plants  grown  in  the  treated  soil  than  in  the  untreated 
^  soil,  and  also  that  there  is  a  corresponding  decrease  in  the 
unburned  residue  which  represents  the  organic  matter,  ash, 
constituents,  etc.  From  the  color  and  texture  of  lettuce 
grown  in  sterilized  soil,  this  might  be  expected.  The 
diiferences  as  shown  in  the  above  figures  only  represent 
one  analysis. 

The  ejffect  of  sterilization  on  the  soil  is  well  illustrated  in 
the  case  of  a  market  gardener  who  picked  31,060  No.  1 
cucumbers  from  300  plants.  The  plants  of  this  crop  were 
carried  through  in  treated  soil  from  the  beginning,  i.e.,  the 
seeds  were  sown  in  sterilized  soil,  and  the  various  trans- 
plantings  were  made  under  similar  treatment.  The  crop 
was  grown  after  lettuce  in  the  spring,  when,  it  is  true, 
cucumber  vines  bear  heavily.  Nevertheless,  this  was  a 
phenomenal  crop  at  any  season  of  the  year,  and  one  which 
I  have  never  seen  equalled.  Some  allowance  must  be  made 
in  the  size  of  this  crop  for  the  strain  of  cucumbers  cultivated, 
which  was  a  carefully  selected  stock  of  heavy  bearers. 
Cucumber  plants,  nevertheless,  respond  quite  remarkably  to 
the  influence  of  treated  soil. 

A  number  of  methods  of  treating  soil  with  heat  have  been 
employed  by  practical  greenhouse  men,  and  many  experi- 
ments on  different  methods  have  been  made  by  this  division 
during  the  last  few  years.  We  have  been  able  to  observe 
the  efficiency  and  practical  utility  of  these  various  methods, 
and  have  reported  on  them  at  different  times.  The  method 
of  treating  the  soil  by  steam  to  the  distance  of  one  foot  or 
more  in  depth  has  always  appeared  to  us  as  the  best  one  to 
be  employed,  and,  since  the  cost  of  such  treatment  has  been 


78  HATCH   EXPERIMENT   STATION.  [Jan. 

greatly  reduced  of  late,  there  appears  to  be  no  longer  any 
reason  why  it  can  not  be  extensivel}^  used  to  eradicate  dis- 
eases in  those  cases  where  there  seems  to  be  urgent  need. 
The  cost  of  treatment  in  badly  infested  houses  proves  an 
excellent  financial  investment.  For  example,  some  houses 
have  had  the  drop  in  them  to  such  an  extent  that  50  per 
cent,  of  the  plants  would  succumb,  and  in  some  rare  cases 
the  whole  crop  has  been  lost.  In  a  house  containing  4,000 
dozen  plants  at  50*  cents  per  dozen  the  value  of  the  crop 
Avould  be  $2,000;  or,  at  25  cents  per  dozen,  $1,000.  A 
loss  of  50  per  cent,  would  reduce  the  value  of  the  crop  to 
$1,000  and  $500  respectively.  Such  a  loss  is  the  more  pro- 
voking, inasmuch  as  the  maximum  amount  of  the  drop 
occurs  just  about  the  time  when  the  plants  are  mature,  and 
all  the  labor  bestowed  on  the  crop  in  transplanting,  the 
care  given  to  the  same,  amount  of  heat  utilized  and  valuable 
space  which  they  have  taken  up,  are  all  for  nothing. 

A  house  of  this  description  was  sterilized  during  the  past 
winter  at  a  cost  of  $100,  and  in  examining  this  crop,  which 
was  one  of  the  most  perfect  we  have  ever  seen,  there  was 
only  one  case  of  disease  in  the  whole  house.  This  one 
diseased  plant  occurred  near  an  iron  post  that  supported  the 
house,  and  there  was  evidently  a  small  portion  of  soil  in 
that  spot  which  had  not  been  sufficiently  treated.  The  cost 
of  treating  this  small  neglected  area  Avould,  however,  have 
been  very  insignificant.  When  we  observed  the  crop,  it  had 
already  been  mature  for  nearly  two  weeks,  and  was  being 
held  back  for  a  better  market,  which  gave  an  excellent  op- 
portunity for  any  further  drop  to  develop,  if  the  germs  were 
present.  There  appears  to  be  no  reason  why,  if  a  house  is 
once  treated  as  thoroughly  as  this  house  was,  another  treat- 
ment should  be  required  for  some  years,  providing  care  is 
taken  to  prevent  contamination  from  old  refuse  material 
which  contains  the  drop  fungus.  By  allowing  a  few  con- 
taminated areas  to  exist  in  the  soil,  as  a  result  of  imperfect 
treatment,  it  would  probably  be  from  three  to  five  years 
before  the  loss  would  reach  that  amount  when  it  would  be 


*  At  the  present  time,  December,  1901,  a  neighboring  market  gardener  is  disposing 
of  his  lettuce  at  65  cents  per  dozen. 
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necessary  to  treat  the  soil  again.  It  requires  no  argu- 
ment to  show  that  the  expense  of  §100  for  treatment  of  the 
house  that  would  be  worth  $2,000  at  50  cents  per  dozen, 
or  even  $1,000  at  25  cents  per  dozen,  is  a  good  invest- 
ment, even  if  the  treatment  has  to  be  repeated  each  year. 
On  the  basis  of  a  five-year  treatment,  which  is,  in  our  own 
estimation,  all  that  is  required,  the  gain  is  nearly  five  times 
as  great.  The  increased  value  to  the  soil  resulting  from 
such  treatment,  and  the  possibility  of  having  less  weeds 
and  fewer  aphis,  should  also  be  taken  into  consideration  in 
estimating  the  benefits  derived  from  the  use  of  this  method. 
The  oldest,  most  conservative  and  intelligent  lettuce  growers 
were  enthusiastic  over  the  results  of  this  experiment. 

Methods  of  SteviJizbuj.  —  The  methods  employed  for 
heating  the  soil  have  been  by  either  hot  water  or  steam, 
with  some  variation  in  the  mode  of  applying  the  latter. 
Messrs.  Hittenger  Bros,  of  Belmont  have  made  extensive 
use  of  the  hot-water  method,  and  their  later  constructed 
houses  have  special  facilities  for  applying  this  in  the  most 
economic  manner.  The  hot-water  method  requires  the  treat- 
ment of  the  soil  previous  to  the  putting  in  of  each  crop, 
and  only  a  few  inches  of  the  surface  soil  are  sufl5cieutly 
heated  by  this  practice  to  kill  the  mycelium  of  th-e  drop 
fungus. 

The  heating  by  steam  is  now  done  largely  by  the  aid  of 
perforated  pipe,  and  in  some  cases  use  is  made  of  2  inch 
porous  tile,  though  this  method  is  not  so  applicable.  If 
finely  perforated  tiles  could  be  obtained  in  the  market  at  a 
reasonable  cost,  their  use  would  be  much  more  valuable  for 
this  purpose  than  at  present.  The  various  contrivances  are 
made  out  of  perforated  pipe,  varying  from  1  inch  to  3  inches 
in  diameter,  usually  placed  from  7  to  12  inches  apart,  and 
made  up  into  frames  fi'om  10  to  20  feet  or  more  in  length 
and  into  any  dcsu'cd  width.  The  size  and  number  of  the 
perforations  vary  much  in  different  appliances.  When  they 
are  rather  large  (l^  inch  in  diameter)  they  arc  frequently 
covered  with  burlap.  In  some  appliances  the  perforations 
are  Vt  inch  in  diameter  and  are  only  l^/l)  inches  apart  each 
way.     In  others  the  perforations  may  be  only  i/g  inch  in 
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diameter  and  from  3  to  r>  inches  apart,  with  two  or  three 
rows  of  such  holes  extending  around  the  circumference  of 
the  pipe.      Some  of  these  appliances  are  not  made  up  into 
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Figs.  1  and  2.  — Showing  types  of  sterilization  apparatus  :  ;>,  header;  n,  nipple;  ?(-,  woodeii 
plug;  i,  steam  inlet;  /),  pipes.     Both  appliances  are  20  feet  long  and  about  8  feet  wide. 

permanent  frames,  but  are  in  sections,  easily  put  together 
or  taken  apart,  and  so  constructed  that  they  can  be  readily 
extended  into  any  length  or  width  desired.  These  frames  are 
provided  with  headers  placed  transversely,  which  are  pipes 
of  larger  diameter,  containing  perforations,  and  nipples  are 
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inserted  at  intervals  which  readily  fit  into  the  extension 
pipes  (see  Figs.  1  and  2).  In  some  instances  the  headers 
are  placed  at  each  end,  thus  forming  with  the  extension 
pipes  a  frame  composed  of  a  series  of  rectangles  (Fig.  2). 
In  this  form  a  complete  circulation  of  the  steam  can  take 
place.  In  others  the  headers  arc  in  the  middle,  and  the 
extension  pipes  lead  off  in  opposite  directions  (Fig.  1). 
In  the  latter  case  the  ends  of  the  extension  pipe  are  plugged 
with  wood,  and  a  complete  circulation  of  steam  does  not 
occur.  The  material  most  frequently  used  is  iron  pi})e. 
The  form  devised  by  ]\Ir.  Cartter  is  constructed  out  of 
perforated  galvanized-iron  tubes,  and  is  very  light  and  easy 
to  handle. 

The  method  generally  adopted  by  lettuce  growers  in  heat- 
ing their  soils  is  to  place  the  apparatus  on  the  surface  of 
the  bed.  If  the  bed  is  20  feet  wide,  then  it  will  be  most 
convenient  to  have  the  heating  appliance  about  10  feet  wide 
and  20  to  30  feet  long.  This  is  placed  midway  between  the 
edges  of  the  bed,  and  the  soil  to  the  depth  of  1  foot  is  dug 
out  on  either  side  of  the  appliance  and  tlirown  on  top  of  it. 


;         o 

"T"" 

b 

■, . 

P^G.  3.  —  Plan  of  house,  showiug  methods  of  sterilization  :  b,  c,  successive  positions  of  the 

apparatus. 

This  covers  the  heating  apparatus  to  a  depth  of  1  foot.  The 
steam  is  now  turned  on  and  the  soil  heated.  After  sufficient 
steaming  has  taken  place,  the  pipes  can  be  pulled  out  and 
set  up  read}'  for  the  next  treatment  (see  Fig.  3).  The  soil 
previously  treated  should  be  covered  up  with  some  old 
canvas,  if  available,  or,  in  fact,  with  anything  that  will 
retain  the  heat,  and  allowed  to  stand  some  hours,  after 
whicli  the  top  portion  is  shovelled  back  to  where  it  was 
taken  from.     Not  only  is  the   1  foot  of  top  soil  heated  by 
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this  method,  but  the  soil  under  which  the  apparatus  rests  is 
equally  well  done,  provided  too  much  haste  is  not  made  in 
removing  the  treated  soil.  In  one  case  that  was  examined, 
where  the  steam  was  left  on  for  one  and  one-half  hours  late 
in  the  afternoon,  and  the  top  coat  of  soil  not  disturbed  until 
the  next  morning,  we  obtained  the  following  records  of  soil 
temperatures  at  noon  on  the  following  day,  or  nineteen  hours 
after  the  steam  was  applied  and  five  hours  after  the  top  soil 
and  apparatus  had  been  removed  :  temperature  of  soil  2  feet 
below  the  surface,  120°  F.  ;  temperature  of  soil  1  foot  below 
the  surface,  175°  F,  Two  masses  of  top  soil  were  heated 
in  this  instance  during  the  one  and  one-half  hours,  the  last 
one  being  left  on  over  night.  The  average  pressure  of 
steam  applied  was  only  13  pounds.  It  always  astonishes 
those  who  heat  soil  for  the  first  time  to  find  that  steam  can 
penetrate  such  a  distance  below  the  surface  in  so  brief  a 
period.  In  this  particular  case  the  steam  was  oozing  out 
of  the  soil  30  inches  below  the  surface,  no  examination  below 
this  depth  being  made.  The  most  eflicient  appliances  for 
sterilization  are  those  based  upon  our  recommendations  in 
former  publications.  A  2  inch  pipe  is  superior  to  a  1  inch, 
1^4  inch  or  1%  inch  pipe.  A  high  pressure  of  steam  is 
more  effectual  than  a  low  pressure,  and  the  larger  the  num- 
ber of  perforations  in  the  pipe,  the  more  widely  and  evenly 
is  the  steam  disseminated  and  the  more  quickly  and  cheaply 
can  the  soil  be  heated .  The  area  of  a  series  of  small  holes 
placed  uniformly  in  a  given  length  of  pipe  would  undoubtedly 
be  more  effectual  than  the  same  area  of  larger  holes  in  the 
same  length  of  pipe.  In  the  latter  case  the  holes  would  be 
further  apart,  and  allow  larger  volumes  of  steam  to  escape  ; 
in  the  former  case  they  would  be  nearer  together,  and  would 
be  capable  of  heating  the  soil  more  evenly  and  in  our  opinion 
more  effectually.  In  our  judgment,  holes  %  inch  in  diam- 
eter, when  placed  near  together,  would  be  sufficient  for  the 
exit  of  steam,  and  the  soil  would  be  less  likely  to  go  through 
them  than  through  holes  14  iiich  in  diameter. 

In  proportion  as  the  appliances  have  been  improved  for 
sterilizing  soils,  the  cost  of  the  operation  has  been  greatly 
reduced.     From  reliable  estimates  which  we  have  been  able 
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to  obtain  from  practical  lettuce  growers  and  others  who  have 
heated  their  soil,  the  cost,  including  coal,  labor,  etc.,  but  not 
the  cost  of  the  tile  or  apparatus  used,  is  as  follows  :  — 

In  a  house  225  feet  long  by  20  feet  wide,  one-third  of 
Avhich  was  heated  at  a  time  by  steam  passing  through  2  inch 
tile  placed  8  inches  below  the  surface  and  1  foot  apart,  and 
forming  a  continuous  circuit,  the  cost  was  at  the  i-ate  of  $16 
per  1,000  cubic  feet,  where  the  pressure  of  steam  used  varied 
from  30  to  80  pounds.  This  house  had  been  previously  steril- 
ized by  the  same  method,  excepting  that  the  tiles  were  placed 
18  inches  apart,  instead  of  1  foot,  with  less  favorable  results. 
The  heating  was  continued  day  and  night,  as  this  could  be 
easily  done,  on  account  of  a  night  foreman  being  employed. 
The  estimated  cost  of  removing  the  soil  from  a  house  to  the 
depth  of  1  foot,  which  was  actually  done  iii  a  similar  house 
a  few  years  ago,  and  placing  in  new  soil  without  carting  the 
same,  was  at  the  rate  of  $37.50  per  1,000  cubic  feet. 

Another  house,  40  feet  wide  by  300  feet  long,  was  treated 
by  a  lettuce  grower  Avith  an  average  pressure  of  30  pounds 
of  steam  passed  through  1  inch  iron  pipes,  furnished  Avith  a 
series  of  perforations  6  inches  apart  and  %6  inches  in  diam- 
eter. These  pipes  were  made  up  into  a  frame,  7  inches  dis- 
tant from  one  another.  The  estimated  cost  of  sterilizing 
1,000  cubic  feet  of  soil,  based  upon  the  treatment  of  the 
whole  house,  was  $8.33. 

A  lettuce  grower  who  has  a  range  of  houses  each  about 
300  feet  long  by  36  feet  wide  has  recently  treated  them  all 
by  steam.  A  boiler  house,  situated  at  the  most  convenient 
place  on  the  establishment,  was  constructed,  and  a  new  forty 
horse-power  boiler  was  placed  in  it,  to  be  used  exclusively 
for  the  purpose  of  sterilization.  The  sterilizing  apparatus 
consisted  of  a  series  of  3  inch  T's,  furnished  with  2  inch 
nipples,  which  was  placed  in  the  centre  of  the  apparatus, 
thus  forming  a  header.  From  these  nipples  there  extended 
in  each  direction  a  series  of  perforated  2  inch  iron  pipes 
which  were  10  feet  in  length  (see  Fig.  2).  This  made  the 
apparatus  when  complete  about  20  feet  long  and  8  feet  wide. 
The  apparatus  was  })laced  on  the  sul'fac(^  of  the  soil,  the  ends 
of  the  pipe   stopped  up  with  wooden  plugs,  and  the  earth 
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from  each  side  to  the  depth  of  1  foot  or  more  was  placed 
upon  it.  The  cost  of  this  appliance  was  about  $20,  though 
Mr.  C.  R.  Learned,  who  devised  it,  thinks  that  he  could 
make  a  duplicate  of  it  for  about  $17.  It  took  tliree  days  to 
treat  a  house  300  feet  long  and  36  feet  wide,  and,  from  the 
estimated  cost  of  labor,  fuel,  etc.,  the  treatment  was  made 
at  the  rate  of  $5.92  per  1,000  cubic  feet.  This  work  was 
done  in  the  summer,  when  labor  was  probably  more  expen- 
sive than  it  would  be  in  winter.  Mr.  Learned  informs  me 
that  he  expects  better  results  the  next  time. 

A  sterilizing  machine  used  by  Mr,  Cartter  is  made  of  2 
inch  galvanized-iron  tubing,  of  20  ply,  with  %6  or  ^  inch 
holes,  1  inch  apart  each  way.  The  headers  are  2  to  3 
feet  long  and  3  inches  in  diameter,  and  are  made  up  of  the 
same  material  and  perforated  in  like  manner.  Galvanized- 
iron  nipples  are  soldered  on  both  sides  of  the  headers,  8 
inches  apart.  The  ends  of  the  10-foot  length  pipes  are 
made  to  fit  on  to  the  nipples  and  also  into  one  another,  so 
that  any  desired  length  or  width  of  appliance  can  be  ob- 
tained (Fig.  1).  This  apparatus  contains  more  perforations 
to  the  linear  foot  than  any  we  have  seen,  and  for  this  reason, 
and  owing  to  the  diameter  of  the  tubing  used,  it  is  the  most 
effectual  as  a  heater.  We  observed  one  test  with  this  appa- 
ratus in  which  400  cubic  feet  of  soil  were  treated  at  the  rate 
of  $2  per  1,000  cubic  feet.  This  includes  the  cost  of  labor 
at  10  cents  per  hour,  which  was  required  to  place  the  ap- 
paratus in  position  and  cover  it  with  soil  read}^  for  use, 
and  replace  the  same  when  heated  ;  also  the  amount  of  fuel 
burned  during  the  treatment,  together  with  the  amount  of 
coal  it  required  to  bring  the  same  amount  of  water  in  the 
boiler  to  the  same  degree  of  temperature,  and  the  steam  to 
the  same  pressure  as  before  the  treatment  was  started. 
Whether  this  rate  of  sterilization  by  the  use  of  this  appa- 
ratus is  actually  attained  when  applied  on  a  large  scale,  we 
have  not  learned. 

When  soil  can  be  sterilized  at  $2  per  1,000  cubic  feet,  or 
even  at  $5,  there  is  no  longer  any  question  concerning  the 
practical  application  of  this  method  to  rid  greenhouses  of 
some  of  its  worst  enemies,  which  interfere  with  tlie  produc- 
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tion  of  healthy  and  profitable  crops.  Ev^en  when  the  cum- 
bersome tile  method  is  employed,  the  cost  of  sterilization 
is  less  than  one-half  the  cost  of  removing  the  old  soil  Irom 
a  house  and  supplying  it  with  new.  So  universal  is  this 
method  of  treating  greenhouses  devoted  to  lettuce,  cucum- 
bers, and  in  some  cases  to  those  devoted  to  violets,  carna- 
tions, chrysanthemums  and  roses,  that  we  are  unable  to  give 
at  the  present  time  the  number  of  acres  which  have  been 
and  are  being  treated.  The  method,  we  are  told,  is  to  be 
tried  on  onions  next  season  grown  out  of  doors.  It  has 
already  been  utilized  in  the  culture  of  out-door  lettuce  and 
celery  to  a  small  extent,  and  tobacco  growers  are  beginning 
to  use  sterilized  soil  in  which  to  start  their  seedlinofs.  We 
understand  that  it  costs  $65  to  weed  an  onion  bed  of  one 
acre  in  extent.  It  remains  to  be  seen  whether  the  weeds 
can  be  eliminated  by  the  use  of  steam  for  a  less  price,  to 
make  it  an  object  to  use  it.  Such  a  treatment  would  cer- 
tainly be  of  great  value  in  the  control  of  smut. 

It  is  not  the  object  of  this  division  to  recommend  this 
method  too  enthusiastically  or  as  a  cure  for  all  difficulties. 
On  the  other  hand,  w^e  are  desirous  of  seeing  the  method 
tried  wherever  there  is  reasonable  possibility  of  its  suc- 
cess. In  the  mean  time,  we  prefer  to  see  the  method  devel- 
oped as  it  is  now  being  done,  by  practical  men  who  have  to 
reckon  with  the  question  of  dollars  and  cents,  for,  after  all, 
they  are  the  ones  who  must  render  the  final  judgment  on  an}'^ 
process  of  treatment.  Our  facilities  have  not  been  sufficient 
to  test  this  sterilization  method  on  a  large  scale,  neither  are 
we  confronted  with  the  economic  conditions  which  commer- 
cial men  have.  For  these  reasons  we  have  drawn  quite 
extensively  on  the  results  obtained  by  practical  men, 
who  apply  the  method  on  a  large  basis,  rather  than  on  our 
own  experiments,  in  discussing  this  subject  at  this  time. 
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REPOET    OF    THE    E:N^T0M0L0GISTS. 


C.   H.   FERNALD,    H.   T.   FERNALD- 


The  work  of  the  entomological  division  of  the  experiment 
station  during  the  past  year  has  followed  the  lines  of  pre- 
vious reports.  The  amount  of  correspondence  has  been 
much  larger  than  ever  before,  being  due  in  a  great  measure 
to  the  appearance  of  the  elm-leaf  beetle  in  the  eastern  por- 
tion of  the  State  in  such  numbers  as  to  do  great  damage, 
and  also  as  an  indirect  result  of  the  appointment  of  tree 
wardens.  These  officials  in  the  course  of  their  duties  have 
watched  the  trees  and  the  insects  upon  them  closely,  and 
have  frequently  communicated  with  the  station  concerning 
their  observations.  Correspondence  of  this  kind  has  in- 
creased nearly  ten  per  cent,  over  that  of  former  years,  which 
is  of  itself  a  testimonial  of  the  value  and  success  of  the  tree 
warden  law. 

The  entire  edition  of  a  former  publication  of  the  station 
upon  the  elm-leaf  beetle  having  become  exhausted,  a  new 
bulletin  on  this  insect  was  prepared  and  published  during 
the  summer.  This  was  the  only  paper  from  the  entomolog- 
ical division  published  by  the  station,  but  others  were  pre- 
pared by  the  division  and  published  during  the  year  by  the 
secretary  of  the  Board  of  Agriculture  of  Massachusetts.  The 
most  important  of  these  was  a  paper  on  "  Three  common 
orchard  scales,"  with  figures  and  half-tones,  published  in  the 
Crop  Report  for  May,  1901,  and  which  has  been  in  much 
demand. 

The  station  was  represented  at  the  meeting  of  the  Official 
Horticultural  Inspectors  of  the  United  States,  held  at  Wash- 
ington, Nov.  11-13,  1901.  At  this  meeting  much  uniform- 
ity of  practice  among  the  nursery  inspectors  of  the  different 
States  was  established  and  many  results  of  value  obtained. 
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Nursery  inspection  for  Massacliusetts  is  one  of  the  duties 
of  the  entomological  division  of  the  station,  and  re(|uires  a 
total  of  two  or  three  weeks'  time  each  year.  The  results 
of  this  work  are  of  direct  value  to  the  nurserymen  only,  but 
in  an  indirect  way  lead  not  onh^  to  a  more  careful  watch  of 
the  nurseries  by  their  owners,  but  to  the  utilization  of  the 
facilities  of  the  experiment  station  as  a  place  of  inquiry  and 
reference  on  subjects  connected  with  insects  and  plant  dis- 
ease, thus  bringing  the  station  into  touch  with  an  occupation 
where  its  services  are  of  great  value. 

Insects  of  the  Year. 

The  year  has  not  been  marked  by  the  unusual  abundance 
of  any  particular  insect,  except,  perhaps,  the  elm-leaf  beetle 
in  the  eastern  part  of  the  State.  This  insect  has  been  injuri- 
ously abundant  in  the  Connecticut  valley  for  a  number  of 
years,  but  has  failed  to  make  its  presence  felt  in  the  more 
eastern  cities  and  towns  until  recently.  During  the  past 
summer,  however,  it  has  made  havoc  with  the  foliage  of  the 
elms  in  hundreds  of  places,  and  caused  a  large  amount  of 
correspondence  with  this  division,  while  much  of  what  has 
been  published  in  the  newspapers  concerning  this  insect 
consisted  of  remedies  and  methods  of  treatment  which  were 
inefficient  or  utterly  worthless. 

The  brown-tail  moth  has  increased  in  abundance,  and  in 
the  area  which  it  occupies,  until  it  is  probably  present  in 
more  than  twelve  hundred  square  miles  in  this  State,  and 
has  extended  into  Maine  and  New  Hampshire.  While  in 
some  ways  it  is  an  easy  insect  to  control,  the  assurance  that 
no  concerted  action  will  ever  be  taken  by  all  those  persons 
on  whose  trees  it  is  present  renders  it  certain  that  it  will 
remain  an  important  pest ;  while  the  serious  nature  of  the 
irritation  caused  by  the  spines  of  the  caterpillars  when  they 
touch  man  has  already  been  a  source  of  much  discomfort  in 
the  localities  where  it  is  most  abundant. 

The  gypsy  moth  has  reappeared  at  those  points  in  the 
State  where  the  work  of  the  gypsy  moth  committee  was 
unfinished  when  its  functions  were  ended  two  years  as'o.  It 
is  but  a  question  of  time  when  the  area  from  which  it  had 
then  been  exterminated  will  become  reinfcstcd.     The  entire 
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responsibilit}'  for  this  unfortunate  state  of  affairs  rests  upon 
the  Legislature,  which  discontinued  the  work  of  the  com- 
mission, thereby  deliberately  wasting  all  the  money  previ- 
ously expended. 

The  birch  Bucculatrlx  has  been  in  evidence  during  the 
past  year,  but,  as  was  predicted  in  last  year's  report,  has 
been  most  abundant  in  the  northern  and  eastern  portions  of 
the  State,  where  little  had  been  seen  of  it  before. 

The  San  Jose  scale  has  spread  rapidly  during  the  year, 
and  is  now  known  to  occur  in  fiftj^-two  localities  in  Massa- 
chusetts. It  is  not  only  present  in  nurseries  and  orchards, 
but  in  several  instances  it  is  generally  present  over  areas 
of  several  miles.  In  one  place  —  a  residential  suburb  — 
nearly  every  deciduous  tree  and  shrub  within  an  area  of 
five  square  miles  is  infested,  and  many  of  the  plants  are 
ah'ead}^  dead,  while  others  are  djdng.  During  the  summer 
the  scale  was  found  generally  distributed  through  the  or- 
chard of  the  Massachusetts  Agricultural  College,  which 
consists  of  over  a  thousand  trees.  The  origin,  distribution 
and  present  conditions  in  this  case  have  been  carefully 
studied,  and  a  special  report  on  the  subject  has  been  trans- 
mitted to  the  trustees. 
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REPOKT   OF   THE   METEOROLOGIST. 


J.   E.   OSTRANDER. 


The  work  of  the  meteorological  division  during  the  })ast 
year  has  been  confined  almost  entirely  to  the  observation 
of  the  various  Aveather  phenomena,  the  tabulation  of  the 
data  obtained  and  the  computation  of  the  daily  and  monthly 
means  of  the  several  weather  elements.  The  records  of 
each  month  are  compared  with  the  normals  of  the  ten-year 
period,  1889-99,  and  the  more  important  departures  from 
mean  conditions  obtained. 

At  the  beginning  of  each  month  a  sunnnary  of  the  weather 
of  the  preceding  month  has  been  prepared  and  published  as  a 
four-page  bulletin.  On  the  inside  pages  are  given  a  number 
of  the  daily  means,  some  of  the  more  important  maxima  and 
minima  daily  records,  together  with  data  of  the  winds  and 
amount  of  precipitation.  On  the  outside  pages  a  summary 
of  the  various  weather  elements  with  the  monthly  means  is 
given,  as  well  as  general  remarks  on  the  weather  for  the 
month.  The  usual  animal  sunnnary  will  be  prepared  and 
published  with  the  December  bulletin. 

The  local  forecasts  for  the  weather  for  the  following  day 
have  been  fiu'nished  daily,  except  Sunday,  b}^  the  New 
England  section  of  the  United  States  Weather  Bureau.  In 
accordance  with  these  predictions,  the  proper  weather  flags 
have  been  displayed  from  the  flag  staff"  on  the  tower.  At 
the  request  of  the  section  director,  the  weekly  snow  reports 
are  being  sent  to  the  Boston  office  this  season,  as  heretofore. 

Owing  to  the  failure  during  the  past  few  jears  to  get 
satisfactory  results  with  our  electrical  apparatus  for  the 
determination  of  soil  moisture,  these  observations  were  dis- 
continued this  year.  This  work  will  be  resumed  whenever 
more  improved  apparatus  can  be  obtained. 
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The  monthlv  observations  of  the  declination  of  the  mag- 
netic needle,  begun  last  yeav,  have  been  continued.  The 
results  obtained  the  latter  part  of  the  year  have  not  been 
very  satisfactory,  probably  due  to  local  attraction  caused 
by  the  line  of  steam  pipe  to  the  drill  hall.  By  changing 
the  true  meridian  to  another  location  it  is  expected  to 
remedy  this. 

No  new  equipment  has  been  added  during  the  year,  but  a 
tlu'ee  years'  supply  of  charts  for  the  Draper  instruments  has 
recently  been  purchased. 

At  the  opening  of  the  college,  in  September,  Mr.  C.  L. 
Rice,  the  observer,  retired  from  the  division,  and  was  suc- 
ceeded by  the  assistant  observer,  Mr.  H.  L.  Bodfish. 
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REPORT   OF   THE   CHEMIST. 


DmSION     OF     FERTILIZERS     AND     FERTILIZER 
IVIATERIALS. 


CHARLES   A.    GOESSMANN. 

Assistants :  henri  d.  haskins,  samuel  w.  wilev,  .tames  e.  hallioan. 


Part  I.  —  Report  ou  Oflicial  Inspection  of  Commercial  Ferti- 
lizers. 

Part    II.  —  Report  ou  General  Work  in  the  Chemical  Laboratory. 

Part  III.  —  Compilation  of  Analyses  of  Agricultural  Chemicals, 
Refuse  Salts,  Ashes,  Lime  Compounds,  Refuse 
Substances,  Guanos,  Phosphates  and  Animal  Ex- 
crements. 

Part  IV. — Compilation  of  Analyses  of  Fruits,  Garden  Crops 
and  Insecticides. 


Pakt  I.  —  Report  on  Official  In^spection  of 
Commercial  Fertilizers  and  Agricultural 
Chemicals  during  the  Season  of  1901. 


CHARLES   A.    GOESSMANN. 


The  total  number  of  manufacturers,  importers  and  dealers 
in  commercial  fertilizers  and  agricultural  chemicals  who  have 
secured  licenses  during  the  past  season  is  61  ;  of  these,  37 
have  offices  for  tlie  o^eneral  distribution  of  their  "^oods  in 
Massachusetts,  8  in  New  York,  7  in  Connecticut,  3  in  Ver- 
mont, 1  in  Rhode  Island,  2  in  Canada,  1  in  New  Jersey  and 
1  in  Mary  hind. 

Two  hundred  and  sixty-six  brands  of  fertilizer,  including 
chemicals,  have  been  licensed  in  tlie  State  during  the  year. 
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Four  hundred  and  forty-nine  samples  of  fertilizers  have 
thus  far  been  collected  in  the  general  markets  by  experienced 
assistants  in  the  station. 

Tliree  hundred  and  seventy-one  samples  were  analyzed 
at  the  close  of  November,  1901,  representing  230  distinct 
brands  of  fertilizer.  These  analyses  were  published  in  two 
bulletins  of  the  Hatch  Experiment  Station  of  the  Massa- 
chusetts Agricultural  College:  No.  75,  July;  and  No.  77, 
November,  1901. 

As  in  previous  years,  the  samples  of  licensed  fertilizers 
which  have  not  been  already  analyzed,  together  with  other 
samples  that  may  be  collected,  will  be  analyzed  for  publica- 
tion in  our  March  bulletin,  1902.  (This  includes  several 
samples  forwarded  by  manufacturers  at  the  inspector's  re- 
quest, which  Avere  not  found  in  the  general  markets  by  our 
collectors.  All  such  samples  are  certified  by  the  manu- 
facturers as  being  an  impartial  representative  of  the  brands 
in  question.) 

For  the  readers'  benefit,  the  following  abstract  of  the 
results  of  our  analysis  is  here  inserted  :  — 


(a)  Where  three  essential  elements  of  plant  food  were  guaranteed  : 
Number  with  three  elements  equal  to  or  above  the  highest  guarantee, 
Number  with  two  elements  above  the  highest  guarantee, 
Number  with  one  element  above  the  highest  guarantee, 
Number  with  three  elements  between  the  lowest  and  highest  guarantee, 
Number  ^ith  two  elements  between  the  lowest  and  highest  guarantee, 
Number  with  one  element  between  the  lowest  and  highest  guarantee, 
Number  with  three  elements  below  the  lowest  guarantee,    . 
Number  with  two  elements  below  the  lowest  guarantee, 
Number  with  one  element  below  the  lowest  guarantee, 

(ft)  Where  two  essential  elements  of  plant  food  were  guaranteed  :  - 
Number  with  two  elements  above  the  highest  guarantee. 
Number  with  one  element  above  the  highest  guarantee. 
Number  with  two  elements  between  the  lowest  and  highest  guarantee. 
Number  with  one  element  between  the  lowest  and  highest  guarantee. 
Number  with  two  elements  below  the  lowest  guarantee, 
Number  with  one  element  below  the  lowest  guarantee, 

(c)  Where  one  essential  element  of  plant  food  was  guaranteed  :  — 

Number  above  the  highest  guarantee, 

Number  between  lowest  and  highest  guarantee, 

Number  below  lowest  guarantee, 


15 
24 
85 
118 
92 
43 
1 
11 
50 


7 

15 
51 
142 
91 
39 
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A  comparison  of  the  above-stated  results  of  our  inspection 
with  the  results  of  the  previous  year  shows  that  the  manu- 
facturer's standard  or  guarantee  has  been  as  well  maintained 
as  in  the  past ;  and  in  nearly  all  cases  whiere  a  discrepancy 
has  occurred  between  the  results  of  analysis  and  the  manu- 
facturer s  o-uarantee,  the  commercial  value  of  the  article  has 
not  suffered,  the  low  percentage  of  one  element  of  plant 
food  having  been  balanced  by  a  correspondingly  higli  per- 
centao:e  of  some  one  of  the  other  ino;redients. 

The  fertilizer  bulletins  become  of  the  utmost  value  when 
considered  from  the  stand-point  of  a  source  of  intelligence 
to  the  farmer  to  select  his  fertilizer  for  the  next  year's  con- 
sumption . 

In  deciding  what  brands  of  commercial  fertilizer  to  pur- 
chase for  general  use,  select  the  one  that  will  furnish  the 
greatest  amount  of  nitrogen,  potash  and  phosphoric  acid,  in 
a  suitable  and  available  form,  for  the  same  money. 

Trade   Values  of  Fertilizing  Ingredients  in  Raw  Materials  and 
Chemicals^  1900  and  1901  (Cents  j)er  PoiuuV). 


1900. 

1901. 

Nitrogen  in  ammonia  salts 

17.00 

16.50 

Nitrogen  in  nitrates, 

13.50 

14.00 

Organic  nitrogen  in  dry  and  fine-ground  fish,  meat,  blood  ant 

grade  mixed  fertilizers. 
Organic  nitrogen  in  fine  bone  and  tankage 

in  high- 

15.50 
15.50 

16.00 
16.00 

Organic  nitrogen  in  medium  bone  and  tankage, 

11.00 

12.00 

Phosphoric  acid  soluble  in  water, 

. 

4.50 

5.00 

Phosphoric  acid  soluble  in  ammonium  citrate, 

4.00 

4.50 

Phosphoric  acid  In  fine-ground  fish,  bone  and  tankage. 

. 

4.00 

4.00 

Phosphoric  acid  in  cotton-seed  meal,  castor  pomace  and  wood  ashes. 

4.00 

4.00 

Phosphoric  acid  in  coarse  fish,  bone  and  tankage 

3.00 

3.00 

Phosphoric  acid  insoluble  (in  water  and  in  ammonium  citrate)  in  mixed 

fertilizers. 
Potash  as  sulfate  (free  from  chlorides), 

2.00 
5.00 

2.00 
5.00 

Potash  as  muriate, 

4.25 

4.25 

A  comparison  of  the  above  trade  values  for  1900  and  1901 
shows  a  somewhat  higher  cost  of  organic  nitrogen  and  ni- 
trogen in  form  of  nitrates,  and  a  corresponding  doorcase  in 
the  cost  of  ammonia  salts.     Phosphoric  acid  soluble  in  water 
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was  given  a  half  cent  higher  valuation  than  in  the  previous 
year. 

The  above  trade  values  are,  as  in  years  past,  based  on  the 
market  cost,  during  the  six  months  preceding  March,  1901, 
of  standard  raw  materials  which  enter  largely  into  the  manu- 
facture of  commercial  fertilizers  found  in  our  markets.  The 
following  is  a  partial  list  of  such  materials  :  — 


Sulfate  of  ammonia. 
Azotine. 

Cotton-seed  meal. 
Linseed  meal. 
Bone  and  tankage. 
Nitrate  of  soda. 
Dried  blood. 
Castor  i^omace. 
Dry  ground  fish. 
Dry  ground  meat. 


Dissolved  bones. 

Acid  phosphate. 

Refuse  bone-black. 

Ground  phosphate  rock. 

High-grade  sulfate  of  potash. 

Sulfate  of  potash  and  magnesia. 

Muriate  of  potash. 

Kainit. 

Sylvinite. 

Crude  saltpetre. 


In  order  to  use  the  table  of  trade  values  in  calculating 
the  approximate  value  of  a  fertilizer,  calculate  the  value  of 
each  of  the  tliree  essential  elements  of  plant  food  —  nitro- 
gen, phosphoric  acid  and  potassium  oxide  (including  the 
different  forms  of  each  wherever  different  forms  are  recog- 
nized in  the  table) — in  one  hundred  pounds  of  the  ferti- 
lizer, and  multiply  each  product  by  twenty,  to  raise  it  to  a 
ton  basis.  The  sum  of  these  values  will  give  the  total 
value  of  the  fertilizer  per  ton  at  the  principal  places  of  dis- 
tribution. An  example  will  suffice  to  show  how  this  calcu- 
lation is  made  :  — 

Analysis  of  Fertilizer   {^Per  Cent.,   or  Pounds  in  One  Hundred 
Pounds  of  Fertilizer) . 

Nitrogen, 4 

Soluble  phosphoric  acid, 8 

Reverted  phosphoric  acid, 4 

Insoluble  phosphoric  acid, 2 

Potassium  oxide  (as  sulfate) ,       .        .        ,        .        .        .10 
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Value 

per  Hundred 

Pounds. 

V'alue  per  Ton 
(Two  Thou- 
sand Pounds). 

Four  pounds  nitrogen,  at  16  cents 

Eight  pounds  soluble  phosphoric  acid,  at  5  cents. 
Four  pounds  reverted  phosphoric  acid,  at  4.5  cents,  . 
Two  pounds  insoluble  phosphoric  acid,  at  2  cents,     . 
Ten  pounds  potassium  oxide,  at  5  cents 

$0  64X20 
40X20 
18X20 
04X20 
50X20 

=$12  80 
=     8  00 
=     3  60 
=        80 
=  10  00 

$35  20 

Tabic  A  gives  the  average  analysis  of  officially  collected 
fertilizers  for  1901.  Table  B  gives  a  compilation  of  analyses 
of  commercial  fertilizers  for  the  year  1901,  showing  the 
maximum,  minimum  and  average  percentages  of  the  differ- 
ent essential  elements  of  plant  food  found  in  special  crop 
fertilizers,  so  called. 
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From  the  great  variations  in  the  results  of  analj^ses  of 
the  above  special  crop  fertilizers  (see  Table  B)  it  will  be 
readily  observed  that  it  will  be  unsafe  to  be  guided  by 
trade  names  wholly  when  selecting  fertilizers  for  the  groov- 
ing of  special  crops. 

Local  conditions  as  to  the  character  of  the  soil  and  sub- 
soil, the  previous  management  of  the  soil  and  the  system 
of  crop  rotation  employed  should  all  enter  into  considera- 
tion Avhen  selecting  a  fertilizer.  A  study  of  the  soil  should 
be  made,  to  find  in  what  direction  the  plant  food  has  be- 
come depleted  ;  and  Avhen  these  facts  have  become  estab- 
lished, then  supply  the  wants  of  the  soil  in  the  most  suitable 
and  economical  manner.  When  the  character  of  a  soil  is 
not  known  and  its  wants  are  not  manifested,  it  is  advisable 
to  use  a  fertilizer  more  nearly  corresponding  to  what  a 
chemical  analysis  of  the  crop  shows  is  required  for  its 
proper  development. 

An  example  is  here  inserted  for  the  purpose  of  illustrat- 
ing how  the  chemical  composition  of  a  crop  may  serve  as  a 
guide  in  the  compounding  of  a  commercial  fertilizer,  also 
to  serve  as  an  object  lesson  of  how  to  intelligently  use  the 
compilation  of  analyses  which  is  a  part  of  the  annual  report 
of  the  chemical  department  for  this  year.  We  will  take 
the  average  composition  of  cranberries,  as  this  appears  first 
in  our  table  of  compilation  of  fruits,  etc.  :  — 

Average  Analysis  of  Cranberries, 

Parts  per  ThousanJ. 

Phosphoric  acid, 30 

Potassium  oxide, 1.00 

Nitrogen, 80 

The  relative  proportion  of  i)hosphoric  acid,  })otassium 
oxide  and  nitrogen  present,  according  to  this  analysis,  is  :  — 

Phosphoric  acid, 1.00 

Potassium  oxide, 3.33 

Nitrogen, 2.66 

In  other  Avords,  for  every  pound  of  phosphoric  acid  re- 
moved from  the  soil  by  a  crop  of  cranberries,  there  arc  3.33 
pounds  of  potassium  oxide  and  2. 66  pounds  of  nitrogen  re- 
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moved.  A  fertilizer  supplying  the  essential  elements  of 
plant  food  in  this  proportion  would,  therefore,  under  the 
above-stated  conditions,  be  more  suitable  to  use. 


List  of  Manufacturers  and  Dealer^  tvho  have  secured  Certificates 
for  the  Sale  of  Commercial  Fertilizers  in  the  State  during 
the  Past  Year  (May  i,  1001,  to  M<i>/  Z,  1902),  and  the 
Brands  licensed  hy  Each. 


The    American  Agricultural    Chemical 
Co.,  Boston,  Mass. :  — 
Nitrate  of  Soda. 
Muriate  of  Potash. 
High-grade  Sulfate  of  Potash. 
Double  Manure  Salt. 
Dr\'  Ground  Fish. 
Fine-ground  Bone. 
Dissolved  Bone-black. 
Plain  Superphosphate. 
Dry  Blood. 

The  American  Agricultural  Chemical 
Co.  (Bradley  Fertilizer  Co.,  branch), 
Boston,  Mass. :  — 

Bradley's  X.  L.  Superphosphate. 

Bradley's  Potato  Manure. 

Bradley's  Potato  Fertilizer. 

Bradley's  Complete  Manure  for  Po- 
tatoes and  Vegetables. 

Bradley's  Corn  Phosphate. 

Bradley's  Eclipse  Phosphate. 

Bradley's  Niagara  Phosphate. 

Bradley's  English  Lawn  Fertilizer. 

Bradley's  Complete  Manure  with 
Ten  Percent.  Potash. 

Bradley's  Complete  Manure  for 
Corn  and  Grain. 

Bradley's  Complete  Manure  for 
Top-dressing. 

Bradley's  Grass  and  Lawn  Top- 
dressing. 

Breck's  Lawn  and  Garden  Dressing. 

Brightman's  Fish  and  Potash. 

Church's  Fish  and  Potash. 

Grass  and  Grain. 

The  American  Agricultural  Chemical  Co. 
(Clark's  Cove  Fertilizer  Co.,  branch), 
Boston,  Mass. :  — 
Clark's  Cove  Bay  State  Fertilizer. 
Clark's  Cove  Bay  State  Fertilizer, 

G.  G. 
Clark's  Cove  Potato  Manure. 
Clark's  Cove  Potato  Fertilizer. 
Clark's  Cove  Great  Planet  Manure. 
Clark's  Cove  King  Philip  Guano. 
Clark's  Cove  Grass  Fertilizer. 


The    American    Agricultural    Chemical 
Co.  (Crocker  Fertilizer  and  Chemical 
Co.,  branch),  Buffalo,  N.  Y. :  — 
Crocker's  Potato,  Hop  and  Tobacco 

Phosphate. 
Crocker's  Corn  Phosphate. 
Crocker's  New  Rival  Phosjthate. 
Crocker's  General  Crop  Phosphate. 
Crocker's  A.  A.  Complete  Manure. 

The  American  Agricultural  Chemical 
Co.  (Cumberland  Bone  Phosphate 
Co.,  branch),  Boston,  Mass. :  — 

Cumberland  Superphosphate. 

Cumberland  Potato  Fertilizer. 

The  American  Agricultural  Chemical 
Co.  (L.  B.  Darling  Fertilizer  Co., 
branch),  Pawtucket,  R.  I. :  — 

Blood,  Bone  and  Potash. 

Potato  and  Root  Crop  Manure. 

Complete  Ten  Per  Cent.  Manure. 

Potato  Manure. 

Farm  Favorite. 

Animal  Fertilizer. 

The   American    Agricultural    Cliemical 
Co.    (East    India    Chemical    Works, 
branch).  New  York,  N.  Y. :  — 
East  India  Chemical  Works'  Com- 
plete Potato  Manure. 
East  India  Chemical  Works'  A.  A. 
Phosphate. 

The  American  Agricultural  Chemical 
Co.  (Great  Eastern  Fertilizer  Co., 
branch),  Rutland,  Vt. :  — 

Northern  Corn  Special. 

Grass  and  Oats  Fertilizer. 

General  Fertilizer. 

Garden  Special. 

The  American  Agricultural  Chemical 
Co.  (Pacific  Guano  Co.,  branch),  Bos- 
ton, Mass. :  — 

Pacific  High-grade  General. 

Pacific  Soluble  Pacific  Guano. 

Pacific  Potato  Special. 

Pacific  Nobsque  Guano. 
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The  American  Agricultural  Chemical 
Co.  (Packers'  Union  Fertilizer  Co., 
branch) ,  Rutland,  Vt. :  — 

Animal  Corn  Fertilizer. 

Potato  Manure. 

Universal  Fertilizer. 

Wheat,  Oats  and  Clover  Fertilizer. 

The  American    Agricultural    Chemical 
Co.  (Quinnipiac  Co.,  branch),  Boston, 
Mass. :  — 
Quinnipiac  Phosphate. 
Quinnipiac  Potato  Manure. 
Quinnipiac  Corn  Manure. 
Quinnipiac  Market-garden  Manure. 
Quinnipiac  Grass  Fertilizer. 
Quinnipiac  Havanna  Tobacco  Fer- 
tilizer. 
Quinnipiac  Climax  Phosphate. 
Quinnipiac  Potato  Phosphate. 
Quinnipiac   Special   with   Ten   Per 
Cent.  Potash. 

The  American  Agricultural  Chemical  Co. 
(Read  Fertilizer  Co.,   branch).   New 
York,  N.  Y. :  — 
Read's  Farmers'  Friend. 
Read's  Practical  Potato  Special. 
Read's  Bone,  Fish  and  Potash. 
Read's  Vegetable  and  Vine. 
Read's  High-grade  Farmers'  Friend. 
Read's  Standard. 

The  American  Agricultural  Chemical 
Co.  (Standard  Fertilizer  Co.,  branch), 
Boston,  Mass. :  — 

Standard  Fertilizer. 

Standard  Guano. 

Standard  Complete  Manure. 

Standard  Special  for  Potatoes. 

The   American    Agricultural    Chemical 
Co.  (Henry  F.  Tucker,  branch),  Bos- 
ton, Mass. :  — 
Tucker's  Original  Bay  State  Bone 

Superphosphate. 
Tucker's  Potato  Fertilizer. 
Tucker's  Imperial  Bone  Superphos- 
phate. 

The   American    Agricultural    Chemical 
Co.  (Williams  &  Clark  J'ertilizer  Co., 
branch),  Boston,  Mass. :  — 
Williams     &     Clark's    High-grade 

Special. 
AVilliams  &  Clark's  Americus  Phos- 
phate. 


The  American  Agricultural  Chemical 
Co.  —  Con. 

Williams  &  Clark's  Potato  Phos- 
phate. 

Williams  &  Clark's  Corn  Phosphate. 

Williams  &  Clark's  Potato  Manure. 

Williams  &  Clark's  Royal  Bone 
Phosphate. 

Williams  &  Clark's  Prolific  Crop 
Producer. 

The  American  Agricultural  Chemical 
Co.  (M.  E.  Wheeler  &  Co.,  branch), 
Rutland,  Vt. :  — 

Corn  Fertilizer. 

Potato  Manure. 

Superior  Truck  Fertilizer. 

Bermuda  Onion  Grower. 

Grass  and  Oats  Fertilizer. 

Wm.  H.  Abbott,  Holyoke,  Mass. :  — 
Animal  Fertilizer. 
Eagle  Braud. 
Tobacco  Fertilizer. 

American  Cotton   Oil  Co.,  New  York, 
N.  Y. :  — 
Cotton-seed  Meal. 
Cotton-seed  Hull  Ashes. 

Armour    Fertilizer   Works,    Baltimore, 
Md.:  — 
Blood,  Bone  and  Potash. 
Ammoniated  Bone  with  Potash. 
Grain  Grower. 
All  Soluble. 
High-grade  Potato. 
Bone  Meal. 

H.  J.  Baker  &  Bro.,  New  York,  N.  Y. :  — 
Castor  Pomace. 

C.  A.  Bartlett,  AVorcester,  Mass. :  — 
Fine-ground  Bone. 

Bartlett  &  Holmes,  Springfield,  Mass. :  — 
Animal  Fertilizer. 
Pure  Ground  Bone. 
Tankage. 

Berkshire  Fertilizer  Company,  Bridge- 
port, Conn. : — 
Berkshire  Complete  Fertilizer. 
Berkshire  Ammoniated  Bone  Phos- 
phate. 
Berkshire  Potato  Phosphate, 

Joseph  Breck  &  Sons,  Boston,  Mass. :  — 
Breck's  Market  Garden  Manure. 
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Bowker  Fertilizer  Co.,  Boston,  Mass. :  — 
Stockbridge  Special  Manures 
Bowker's  Hill  and  Drill  Phosphate. 
Bowker's  Farm  and  Garden  Phos- 
phate. 
Bowker's  Lawn  and  Garden  Dress- 
ing. 
Bowker's  Potato  ami  Vegetable  Fer- 
tilizer. 
Bowker's  Fish  and  Potash,  "  Square 

Brand." 
Bowker's  Potato  Phosphate. 
Bowker's  Sure  Crop  Phosphate. 
Bowker's  Market-garden  Manure. 
Bowker's  High-grade  Fertilizer. 
Bowker's  Bone  and  Wood  Ash  Fer- 
tilizer. 
Bowker's  Tobacco  Starter. 
Bowker's  Potash   or   Staple  Phos- 
phate. 
Bowker's    Ammoniated    Dissolved 

Bone. 
Bowker's  Superphosphate. 
Bowker's  Ground  Bone. 
Gloucester  Fish  and  Potash. 
Dissolved  Bone-black. 
Nitrate  of  Soda. 
Muriattj  of  Potash. 
Sulfate  of  Potash-magnesia. 
Sulfate  of  Potash. 
Dried  Blood. 
Tankage. 
Wood  Ashes. 

Butchers'  Rendering  Co.,  Fall  River, 
Mass. :  — 
Tankage. 

E.  Frank  Coe  Co.,  New  York,  N,  Y. :  — 

E.  Frank  Coe's  High-grade  Ammo- 
niated Bone  Superphosphate. 

E.  Frank  Coe's  Gold  Brand  Excel- 
sior Guano. 

E.  Frank  Coe's  Tobacco  and  Onion 
Fertilizer. 

E.  Frank  Coe's  Bay  State  Phos- 
phate /\ 

E.  Frank  Coe's  <F.P/>  Fish  and 
Potash.  \/ 

American  Farmers'  Market-garden 
Special. 

American  Farmers'  Complete  Po- 
tato. 

American  Farmers'  Corn  King. 

Farmers'  Grass  and  Grain  Fertilizer. 

Nitrate  of  Soda. 


John  C.  Dow  &  Co.,  Boston,  Mass. :  — 
Dow's  Ground  Bone. 

Eastern  Chemical  Co.,  Boston,  Mass. :  — 
Imperial  Liquid  Plant  Food. 
Imperial  Liquid  Grass  Fertilizer. 

Wm.  E.  Fyfe  &  Co.,  Clinton,  Mass.  :  — 
Canada      Unleached       Hard-wood 
Ashes. 

Thomas  Hersom  &  Co.,  New  Bedford, 
Mass. :  — 
Meat  and  Bone. 
Ground  Bone. 

F.   E.    Hancock,   Walkerton,    Ontario, 
Can.  :  — 
Pure  Canada  Unleached  Hard-wood 

Ashes. 

C.      W.      Hastings,      Cambridgeport, 
Mass. :  — 
Ferti  Flora. 

John  Joynt,  Lucknow,  Can. :  — 
Canada  Hard-wood  Ashes. 

Thomas  Kirley  &  Co.'s  Fertilizer  Works, 
South  Hadley  Falls,  Mass. :  — 
Pride  of  the  Valley. 

Lister's  Agricultural  Chemical  Works, 
Newark,  N.  J. :  — 
Lister's  Success  Fertilizer. 
Lister's  Special    Corn    and  Potato 

Fertilizer. 
Lister's     High-grade     Special     for 

Spring  Crops. 
Lister's  Animal  Bone  and  Potash. 

Lowe  Bros.  &  Co.,  Fitchburg,  Mass. :  — 
Tankage. 

Lowell  Fertilizer  Co.,  Boston,  Mass. :  — 
Swift's  Lowell  Bone  Fertilizer. 
Swift's  Lowell  Potato  Phosphate. 
Swift's  Lowell  Market  Garden. 
Swift's  Lowell  Tobacco  Manure. 
Swift's  Lowell  Potato  Manure. 
Swift's  Lowell  Animal  Brand. 
Swift's  Lowell  Fruit  and  Vine. 
Swift's  Lowell  Dissolved  Bone  and 

Potash. 
Swift's  Lowell  Ground  Bone. 
Nitrate  of  Soda. 
Muriate  of  Potash. 
Sulfate  of  Potash. 
Acid  Phosphate. 
Tankage. 
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Mapes  Formula  and  Peruvian  Guano 
Co.,  New  York,  N.Y,:  — 
The  Mapes'  Bone  Manures. 
The  Mapes'  Superphosphates. 
The  Mapes'  Special  Crop  Manures. 
Tobacco  Asli  Constituents. 
Tol)acco  Manure,  Wrapper  Brand. 
Complete    Manure    witli    Ten    Per 

Cent.  Potash. 
Economical  Potato  Manure. 
Fruit  and  Vine  Manure. 
Dissolved  Bone-black. 
Nitrate  of  Soda. 
Sulfate  of  Potash. 

McQuade  Bros.,  West  Auburn,  Mass. :  — 
Ground  Bone. 

Mitchell  Fertilizer  Co. ,  Tremley ,  N.  J. :  — 
Mitchell's  Special  Fertilizer. 

Geo.  L.  Monroe,  Oswego,  N.  Y. :  — 
Pure  Canada  Unleached  Hard-wood 
Ashes. 

National    Fertilizer     Co.,     Bridgeport, 
Conn. : — 
Chittenden's  Complete  Fertilizer. 
Chittenden's  Market  Garden. 
Chittenden's  Potato  Phosphate. 
Chittenden's  Fish  and  Potash. 
Chittenden's  Ammoniated  Bone. 
Chittenden's  Universal  Phosphate. 

New  Bedford  Product  Co.,  New  Bedford, 
Mass. :  — 
Complete  Fertilizer. 

New   England   Fertilizer   Co.,   Boston, 
Mass. :  — 
Corn  Fertilizer. 
Potato  Fertilizer. 
High-grade  Truck  Fertilizer. 

Olds  &  Whipple,  Hartford,  Conn.  :  — 
Complete  Tobacco  Fertilizer. 

Parmenter  &  Polsey  Fertilizer  Co.,  Pea- 
body,  Mass. :  — 
Plymouth  Rock  Brand. 
Special  Potato. 
Star  Brand. 
P.  &  P.  Potato. 
A.  A.  Brand. 


Parmenter  &  Polsey  Fertilizer  Co.  —  Con. 
Pure  Ground  Bone. 
Nitrate  of  Soda. 
Muriate  of  Potash. 

Benjamin  Randall,  Boston,  Mass.:  — 
Market  Garden. 
Farm  and  Field. 

Rogers  &  Hubbard  Co.,  Middletown, 
Conn. :  — 

Hubbard's  Pure  Raw  Knuckle  Bone 
Flour. 

Hubbard's  Strictly  Pure  Fine  Bone. 

Hubbard's  Oats  and  Top-dressing. 

Hubbard's  Soluble  Potato  Manure. 

Hubbard's  Corn  and  General  Crops. 

Hubbard's  Soluble  Tobacco  Ma- 
nure. 

Hubbard's  Grass  and  Grain  Ferti- 
lizer. 

Hubbard's  All  Soils  and  All  Crops 
Fertilizer. 

Hubbard's  Potato  Phosphate. 

Hubbard's  Corn  Phosphate. 

Rogers   Manufacturing   Co.,    Rockfall, 
Conn. :  — 
All  Around  Fertilizer. 
Complete  Potato  and  Vegetable. 
Complete  Corn  and  Onion. 
Complete  Fish  and  Potash. 
High-grade  Grass  and  Grain. 
High-grade  Tobacco  and  Potato. 
High-grade  Oats  and  Top-dressing. 
High-grade  Tobacco. 
Fine-ground  Bone. 

N.  Roy  &  Son,    South    Attleborough, 
Mass. :  — 
Animal  Fertilizer  No  1. 
Animal  Fertilizer  No.  2. 

Russia  Cement  Co.,  Gloucester,  Mass. :  — 

Essex  Drj'  Ground  Fish. 

Essex  Complete  Manure  for  Pota- 
toes, Roots  and  Vegetables. 

Essex  Complete  Manure  for  Corn, 
Grain  and  Grass. 

Essex  Market-garden  and  Potato 
Manure. 

Essex  A.  L.  Superphosphate. 

Essex  X.X.X.  Fish  and  Potash. 

Essex  Odorless  Lawn  Dressing. 

Essex  Special  Tobacco  Manure. 

Essex  Tobacco  Starter. 

Essex  Corn  Fertilizer. 
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Sanderson  Fertilizer  and  Chemical  Co. 
New  Haven,  Conn. :  — 
Sanderson's  Old  llelialjle. 
Sanderson's  Special  Stra\vl)erry. 
Sanderson's  Forinnla  A. 
Sanderson's  Foriuula  B. 


Thomas  L.  Stetson,  Randolph,  Mass. 
Ground  Bone. 


James  P.  Trainer,  Jamesville,  Mass. 
Ground  Bone. 


A.  L.  Warren,  Northborough,  Mass. 
Fine-srround  Bone. 


Darius  Whithed,  Lowell,  Mass. :  — 
Champion  Animal  Fertilizer. 
Flour  of  Bone. 


E.  J.  Whitman,  Dracut,  Mass. :  — 

Whitman's  Potato  Fertilizer, "  Plow- 
man's." 

Whitman's  Corn  Fertilizer,  "Suc- 
cess." 

Whitman's  Pure  Ground  Bone. 

Whitman's  Pure  Ground  Meat. 

Wilcox      Fertilizer     Works,      Mystic, 
Conn. : — 
Potato,  Onion  and  Tobacco  Manure. 
Complete  Bone  Superphosphate. 
Potato  Manure. 
Fish  and  Potash. 
Nitrate  of  Soda. 
Muriate  of  Potash. 

Sanford  Winter,  Brockton,  Mass.:  — 
Pure  Fine-ground  Bone. 

J.    M.   Woodard    &    Bro.,    Greenfield, 
Mass. :  — 
Tankage. 
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Pabt  II.  —  Report  on  General  Work  in  the 
Chemical  Laboratory. 


CHARLES   A.   GOESSMANN. 


1.  Analysis  of  materials  sent  on  for  examination. 

2.  Notes  on  wood  ashes. 

1.     Analysis  of  Materials  sent  on  for  Examination. 

During  the  season  of  1901,  217  samples  of  fertilizing 
materials  of  various  description  have  been  received  from 
farmers  within  our  State.  The  results  of  our  examination 
of  these  substances  have  been  published  in  three  bulletins  : 
No.  74,  March  ;  No.  75,  July  ;  and  No.  77,  November,  1901, 
of  the  Hatch  Experiment  Station  of  the  Massachusetts  Agri- 
cultural College. 

Next  in  importance  to  the  analysis  of  licensed  commercial 
fertilizers  for  inspection  purposes  is  the  examination  of  waste 
and  by-products  from  different  manufacturing  industries.  It 
has  been  the  aim  of  the  chemical  division  to  encourao^e  the 
use  of  different  refuse  and  by-products  for  manurial  purposes 
wherever  the  chemical  analysis  of  such  material  proves  them 
to  be  of  sufBcient  value  to  merit  their  use. 

The  value  of  our  work  in  this  direction  may  be  seen  from 
year  to  year  by  the  increased  number  of  all  kinds  of  waste 
products  that  are  being  forwarded  to  this  department  for 
investigation.  The  increased  consumption  of  this  class  of 
materials  for  manurial  purposes  cannot  but  exert  an  import- 
ant influence  in  favor  of  the  agriculturalist  on  the  consump- 
tion of  commercial  fertilizers.  The  examination  of  general 
fertilizing  material  is  carried  on  free  of  charge  to  the  farmers 
in  the  State,  the  material  being  taken  up  for  analysis  in  the 
order  of  arrival  of  samples  at  this  office. 
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Following  is  a  list  of  materials  received  during  the  past 
season,  which  shows  the  great  variety  of  substances  which 
are  used  and  valued  for  manurial  purposes,  as  well  as  the 
great  variety  of  work  necessarily  employed  to  keep  in 
close  touch  with  the  critical  examination  of  this  class  of 
materials  :  — 


Wood  ashes,     . 

.    72 

Sulfate  of  ammonia, 

Complete  fertilizers, 

.     27 

Acid  phosphate, 

Cotton-seed  meal,    . 

.     17 

Tennessee  i)hosphate, 

Soils, 

.     15 

Superphosphate, 

Muriate  of  jjotash,    . 

.       8 

Plain  superphosphate. 

Onions,     . 

.      8 

Marl, 

Muck, 

7 

Sewage,    . 

Nitrate  of  soda. 

.       6 

Lime-kiln  ashes. 

Tankage, . 

.       4 

Carbonate  of  lime,  . 

Cotton-hull  ashes, 

4 

Waste  from  gas  house, 

Ground  bone,  . 

.      3 

Pulvei'ized  sheep  manurt 

1 

Dissolved  bone-black, 

.      3 

Hair  waste. 

Blood,  bone  and  meat. 

2 

Jadoo  fibre. 

Ground  fish,     . 

.       2 

Tobacco  stems. 

Concentrated  phosphate, 

.       2 

Tobacco  dust,   . 

Mud, 

.      2 

Walnut  ashes,  . 

Hen  maniu'e,    . 

.       2 

Pine-wood  ashes. 

Barnyard  manure,    . 

.      2 

Ashes  from  soft  coal  and 

saw- 

Wool  waste,     . 

.      2 

dust. 

Raw  bone  meal, 

Linseed  meal,  . 

Steamed  bone  meal, 

Sal-ammoniac, 

Condensed  bone  steam. 

Salt, 

Fresh-cut  bone, 

Asi)aragus  tops, 

Burned  bone,   . 

Milk  casein,     . 

Fleshings, 

Under  the  division  of  general  work  in  the  chemical  lab- 
oratory may  also  be  classed  investigations  along  various 
lines  which  arc  constantly  being  carried  on,  such  as  :  a  study 
of  the  physical  and  chemical  conditions  of  soil,  and  their 
relation  to  the  solubilit}"  of  dilfercnt  substances  applied  for 
fertilizing  purposes  ;  investigations  of  the  availability  of 
the  different  elements  of  plant  food  in  the  soil ;  new  and 
improved  methods  for  the  ash  analysis  of  plants ;  critical 
examination  of  methods  of  analysis  of  insecticides  and 
fungicides  found  in  our  market ;  ammonia  absorption  tests, 
to  determine  the  most  efficient  chemical  to  be  used  as  a  iixer 


106 


HATCH   EXPERIMENT   STATION. 


[Jan. 


or  absorber  of  ammonia  in  manure  composting  ;  investigation 
work  for  the  Association  of  Official  Agricultural  Chemists, 
for  the  establishment  of  new  and  improved  methods  of 
analyses  of  agricultural  products,  etc.  The  results  of  the 
above-stated  investigations  will  be  published  later,  as  in 
the  past,  whenever  the  results  prove  of  general  interest  to 
the  public. 

2.     Notes  on  "Wood  Ashes. 

During  the  season  of  1901,  33.1  per  cent,  of  the  materials 
forwarded  for  analysis  consisted  of  wood  ashes,  as  against 
30.8  per  cent,  the  previous  year. 

The  following  table  shows  the  general  chemical  character 
of  wood  ashes  that  have  been  forwarded  for  investigation 
during  the  season  of  1901  :  — 


Ayialysis  of  Wood  Ashes. 


Constituents. 


NUMBEB  OF  Samples. 


Moisture  below  1  per  cent., 

Moisture  from  1  to  10  per  cent 

Moisture  from  10  to  20  per  cent., 

Moisture  from  20  to  30  per  cent., 

Moisture  above  30  per  cent., 

Potassium  oxide  above  8  per  cent 

Potassium  oxide  from  7  to  8  per  cent 

Potassium  oxide  from  6  to  7  per  cent., 

Potassium  oxide  from  5  to  6  per  cent., 

Potassium  oxide  from  4  to  5  per  cent., 

Potassium  oxide  from  3  to  4  per  cent 

Potassium  oxide  below  3  per  cent., 

Phosphoric  acid  above  2  per  cent 

Phosphoric  acid  from  1  to  2  per  cent., 

Phosphoric  acid  below  1  per  cent., 

Average  per  cent,  of  calcium  oxide  (lime), 

Per  cent,  of  mineral  matter  insolulile  in  diluted  hydrochloric 
acid  :  — 
Below  10  per  cent., 

Between  10  and  15  per  cent 

Between  15  and  20  per  cent 

Above  20  per  cent .        .        . 


1 

25 
32 
13 

1 

1 

6 
12 
25 
11 

7 

7 

6 
62 

4 
32.51 

15 
35 
12 
11 


2 

28 
31 

7 

4 

5 
17 
24 
10 

7 

1 

5 
61 

2 
33.20 

22 

24 

17 

4 
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From  a  comparison  of  the  above-stated  results  of  analyses 
of  wood  ashes  with  the  results  of  the  previous  year,  it  will 
be  seen  that  the  average  standard  of  composition  is  somewhat 
higher  than  in  lilOO. 

To  assist  our  farmers  in  selecting  the  best  (juality  of  wood 
ashes  which  the  market  atlbrds,  it  is  imperative  that  those 
sending  samples  for  analysis  should  give  us  all  the  general 
information  they  possess  in  regard  to  the  source  from  which 
the  ashes  Avere  obtained,  etc.  AYith  this  idea  in  view,  we 
caused  to  be  published  in  our  March  bulletin.  No.  74,  a  copy 
of  a  blank  application  for  free  analysis  of  fertilizing  materials, 
which  will  hereafter  be  sent  from  this  office  to  every  applicant 
for  an  analysis  free  of  charge.  AVe  believe  the  result  of  this 
course  Avill  be  to  impart  a  more  general  and  intelligent 
interest  in  this  department  of  work  at  the  institution,  and 
it  will  surely  make  known  the  names  of  the  licensed  as  well 
as  the  unlicensed  dealers  in  our  State.  "We  take  this  occa- 
sion to  urge  the  farmers  to  patronize  the  dealers  who  are  on 
record  at  our  institution,  as  having  complied  with  our  State 
laws  for  the  regulation  of  the  trade  in  commercial  fertilizers, 
which  includes  wood  ashes,  which  are  sold  in  our  State  for 
manurial  purposes,  rather  than  those  who  have  failed  to 
secure  such  a  license. 

In  deciding  the  commercial  value  of  wood  ashes,  it  is  well 
to  consider  the  large  quantity'  of  calcium  oxide  (lime)  that 
is  present  in  a  most  superior  form. 
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Part  IH.  —  Compilation  of  Analyses  of  Agricultural 
Chemicals,  Refuse  Salts,  Ashes,  Lime  Compounds, 
Refuse  Substances,  Guanos,  Phosphates  and  Animal 
Excrements. 

H.   D.    HA  SKINS. 


1.  Chemicals,  refuse  salts,  etc. 

2.  Ashes,  marls,  lime  compouuds,  etc. 

3.  Refuse  substances. 

4.  Guanos,  ^jhosphates,  etc. 

5.  Animal  excrements,  etc. 

6.  Average  per  cents,  of  the  different  ingredients  found  in  the 

preceding  compilation  of  analyses,  calculated  to  pounds  per 
ton  of  2,000  pounds. 

1868  TO  1901. 

This  compilation  does  not  include  the  analyses  made  of 
licensed  fertilizers.  They  are  to  be  found  in  the  reports 
of  the  State  Inspector  of  Fertilizers  from  1873  to  1895,  con- 
tained in  the  reports  of  the  secretary  of  the  Massachusetts 
State  Board  of  Agriculture  for  these  years,  and  in  the  bulle- 
tins of  the  department  of  chemistry  of  the  Hatch  Experi- 
ment Station  of  the  Massachusetts  Agricultural  College 
since  March,  1895. 

J^o  valuation  is  stated  in  this  compilation,  as  the  basis  of 
valuation  changes  from  year  to  year. 

In  the  following  compilation  of  agricultural  chemicals, 
refuse  materials,  manurial  substances,  etc.,  the  signification 
of  the  star  (*)  prefixed  to  the  name  of  the  substance  is 
that  the  compilation  is  made  up  of  analyses  subsequent  to 
the  year  1897.  It  was  believed  that  a  compilation  made  up 
of  more  recent  analyses  would  more  nearly  represent  the 
present  general  chemical  character  of  the  substances,  and 
would  therefore  be  of  more  practical  value. 
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It  must  be  understood  that  the  chemical  character  of  many 
of  the  refuse  substances  used  for  manurial  purposes  is  con- 
stantly undergoing  changes,  due  to  frequent  variations  in 
the  parent  industry. 

As  a  rule,  in  all  succeeding  analyses  the  essential  con- 
stituents are  determined  and  stated  ;  blanks  do  not  imply 
the  absence  of  the  non-essentials. 
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46.25 

1       1       1 

36.10 

59.43 

1.85 

III 

17.40 
.19 

2.82 
.75 

37.04 

1       1       1 

1       ,       , 

1       1       1 

1       1       1 

1       1       1 

1       1       1 

13.66 

1.55 

30.94 

2.22 

1       1        '• 

3.30 

1       1       1 

23.76 
1.38 
2.54 

O        rl        (M 

♦Sulfate  of  magnesia 

•Sulfate  of  soda 

Saltpetre  waste, 
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Part  IY.  —  Compilation^  op  An^alyses  of  Fruits, 
Garden  Crops  and  Insecticides. 


H.   D.   HASKINS. 


1.  Analyses  of  fruits. 

2.  Analyses  of  garden  crops. 

3.  Relative  proportions  of  phosphoric  acid,  potassium  oxide  and 

nitrogen  in  fruits  and  garden  crops. 

4.  Analyses  of  insecticides. 

A  computation  of  the  results  of  a  chemical  analysis  of 
twenty  prominent  garden  crops  shows  the  following  average 
relative  proportion  of  the  three  essential  ingredients  of  plant 
food  :  — 

Parts. 

Nitrogen, 2.2 

Potassium  oxide, 2.0 

Phosphoric  acid, 1.0 

One  thousand  pounds  of  green  garden  vegetables  contain, 
on  the  above  stated  basis  of  relative  proportion  of  essential 
constituents  of  plant  food  :  — 

Pounds. 

Nitrogen, 4.1 

Potassium  oxide, 3.9 

Phosphoric  acid, 1.9 

The  weight  and  particular  stage  of  growth  of  the  vege- 
tables when  harvested  control,  under  otherwise  corresponding 
conditions,  the  actual  consumption  of  each  of  these  articles 
of  plant  food.  Our  information  regarding  these  points  is 
still  too  fragmentary  to  enable  a  more  detailed  statement 
here  beyond  relative  proportions.  It  must  suffice  for  the 
present  to  call  attention  to  the  fact  that  a  liberal  manuring 
within  reasonable  limit  pays,  as  a  rule,  better  than  a  scanty 
one.     (C.  A.  Goessmann.) 
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Many  of  the  foregoing  analyses  were  compiled  from  the 
tables  of  E.  Wolff.  Those  marked  with  a  star  (*)  are  from 
analj'ses  made  at  the  Massachusetts  State  Agricultural  Ex- 
periment Station,  Amherst,  Mass.,  and  since  1895,  at  the 
chemical  division  of  the  Hatch  Experiment  Station  of  the 
Massachusetts  Agricultural  College. 


Relative  Proportions  of  Phosphoric  Acid,  Potas- 
sium Oxide  and  Nitrogen  in  Fruits  and  (tarden 
Crops. 


Phosphoric 
Acid. 

Potassium 
Oxide. 

Nitrogen. 

Fniits. 

Ericacese :  — 

*  Cranberries,         .... 

3.0 

- 

*  Cranberries,         .... 

3.33 

2.66 

Rosacete :  — 

Apples, 

2.7 

2.0 

*  Apples, 

1.9 

1.3 

*  Peaches, 

1.3 

- 

Pears,  . 

3.6 

1.2 

Strawberries, 

1.4 

- 

*  Strawberries, 

2.6 

- 

*  Strawberry  vines, 

.7 

- 

Cherries, 

3.3 

- 

Plums, . 

4.3 

- 

Saxifragaceae :  — 

*  Currants,  white,  .... 

2.8 

- 

*  Currants,  red,      .... 

2.1 

- 

Gooseberries,       .... 

1.9 

- 
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3.     Relative  Proportions  of  Phosphoric  Acid,  etc.,  vi  Fruits  and  Garden 
Crops  —  Continued. 


Phosphoric 

Acid. 

Potassium 
Oxide. 

Nitrogen. 

Fruits  —  Con. 

Viticete  :  — 

Grapes, 

1 

8.6 

1.2 

Grape  seed, 

1 

1.0 

2.7 

Garden  Crops. 

Chenopodiacese :  — 

Mangolds, 

6.0 

2.3 

*  Mangolds, 

4.2 

2.1 

Mangold  leaves,  .... 

4.5 

3.0 

Sugar  beets,         .... 

4.2 

1.8 

*  Sugar  beets,         .... 

4.8 

2.2 

Sugar  beet  tops,  .... 

2.3 

1.7 

Sugar  beet  leaves, 

5.7 

4.3 

Sugar  beet  seed,  .... 

1.5 

- 

*  Red  beets, 

4.1 

3.3 

Spinach, 

1.7 

3.1 

•  Spinach, 

19.2 

6.8 

Compositse :  — 

Lettuce,  common. 

5.3 

- 

Head  lettuce,       .... 

3.9 

2.2 

*  Head  lettuce,        .... 

7.7 

4.0 

Roman  lettuce,     .... 

2.3 

1.8 

Artichoke, 

.63 

- 

*  Artichoke,  Jerusalem, 

2.8 

2.7 

i 
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3.     Relative  Proportions  of  Phosphoric  Acid,  etc.,  in  Fruits  and  Garden 
Crops  —  Continued. 


Phosphoric 
Acid. 

Potassium 
Oxide. 

Nitrogen. 

Garden  Crops  —  Con. 

Convolvulacese :  — 

Sweet  potato,       .... 

1 

4.6 

3.0 

Cruciferse :  — 

White  turnips,     .... 

3.6 

2.3 

*  White  turnips,     .... 

3.9 

1.8 

White  turnip  leaves,    . 

3.1 

3.3 

*  Ruta-bagas, .         . 

4.1 

1.6 

Savoy  cabbage,    .         .         .         . 

1.9 

2.5 

White  cabbage,    .... 

4.1 

1.7 

*  White  cabbage,    .        . 

11.0 

7.6 

Cabbage  leaves,  .... 

4.1 

1.7 

Cauliflower,         .... 

2.3 

2.5 

Horse-radish,       .... 

3.9 

2.2 

Radishes, 

3.2 

3.8 

Kohlrabi, 

1.6 

1.8 

Cucurbitacese :  — 

Cucumbers, 

2.0 

1.3 

Pumpkins, 

.6 

.7 

Gramineae :  — 

Corn,  whole  plant,  green,    . 

3.7 

1.9 

*  Corn,  whole  plant,  green,    . 

2.2 

2.8 

Corn  kernels,       .... 

.6 

2.8 

*  Corn  kernels,       .... 

.6 

2.6 
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3.     Relative  Projyorlions  of  Phosphoric  Acid,  etc.,  in  Fruits  and  Garden 
Crops  —  Continued. 


Pliosphoric 
Acid. 

Potassium 
Oxide. 

Nitrogen. 

Qardeu  Crops  —  Con. 

Gramineai  —  Con. 

*  Com,  whole  ears, 

.8 

2.5 

*  Corn  stover,         .... 

4.4 

3.7 

Legiiminosae :  — 

Hay  of  peas,  cut  green, 

3.4 

3.4 

*  Cow-pea  (Bolichos),  green, 

3.1 

2.9 

*  Small  pea  (Lathyrus  Sylvestris} , 
dry. 
Peas,  seed, 

3.4 

4.2 

1.2 

4.3 

Pea  straw, 

2.8 

4.0 

Garden  beans,  seed,     . 

1.2 

4.0 

Bean  straw,          .... 

3.3 

*  Velvet  beans,  kernel,  . 

1.7 

4.0 

*  Velvet  beans,  with  pod. 

1.56 

2.3 

*  Leaves  and  stems  of  velvet  beans, 

- 

- 

- 

Liliacese :  — 

*  Asparagus, 

1 

3.05 

3.06 

Asparagus, 

1 

1.3 

3.6 

Onions, 

1 

1.9 

2.1 

*  Onions, 

1 

2.6 

- 

Solanaceas :  — 

Potatoes, 

1 

3.G 

2.1 

*  Potatoes, 

1 

4.1 

3.0 

Potato  tops,  nearly  ripe, 

1 

2.7 

3.1 
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3.     Belative  Proportions  of  Phosphoric  Acid,  etc.,  in  Fruits  and  Garden 
Crojys  —  Concluded. 


Phosphoric 
Acid. 

Potassium 
Oxide. 

Nitrogen. 

Garden  Croj^s  —  Con. 

Solanacefe  —  Con. 

Potato  tops,  nnripe, 

3.7 

5.3 

*  Tomatoes, 

8.7 

4.5 

Tobacco  leaves,    .... 

6.2 

5.3 

*  Tobacco,  whole  leaf,    . 

13.46 

5.65 

Tobacco  stalks,    .... 

3.1 

2.7 

*  Tobacco  stems,     .... 

10.7 

3.8 

Umbelliferse :  — 

Carrots, 

2.7 

2.0 

*  Carrots, 

5.7 

1.7 

Carrot  tops, 

2.9 

5.1 

Carrot  tops,  dry, .... 

8.0 

5.1 

Parsnips, 

3.8 

2.8 

*  Parsnips, 

3.3 

1.2 

Celery, 

3.5 

1.1 
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REPORT   OF   THE   CHEMIST. 


DIVISION   OF   FOODS   AND   FEEDING. 


J.   B.   LINDSEY. 

Assistants :  E.  u.  Holland,  p.  h.  sjhith,  jr.,  j.  w.  kellogg. 


Part      I. — Outline  of  Year's  Work. 

A.  Correspondence. 

B.  Extent  of  chemical  work. 

C.  Character  of  chemical  work. 

(a)  Water. 

(b)  Dairy  products  and  feed  stuffs. 

(c)  Chemical  investigation. 

D.  Cattle  feed  inspection. 

E.  Dairy  legislation. 

F.  Miscellaneous. 

Part     II.  —  Dairy  and  Feeding  Experiments. 

A.  Effect  of  feed  on  the  composition  of  milk, 

butter  fat,  and  on  the  consistency  or  body 
of  butter. 

B.  Notes  on  summer  forage  crops. 

Part  III.  —  Compilations. 

A.  Composition  and  digestibility  of  fodder  ar- 

ticles. 

B.  Fertilizer  ingredients  of  fodder  articles. 

C.  Analyses  of  dairy  products. 

D.  Coefficients  of  digestibility  of  American  feed 

stuffs. 
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Part  I.  —  Outline  of  Year's  Work. 


J.   B.   LINDSEY. 


A.  Correspondence. 
The  general  correspondence  of  this  division  has  increased 
considerably  during  the  last  five  years,  due  especially  to 
the  establishment  of  the  feed  control,  and  to  the  work  in 
connection  with  the  dairy  law.  More  than  the  usual  number 
of  inquiries  have  been  received  relative  to  milk,  cream, 
water,  feed  stuffs  and  methods  of  feeding.  Some  letters 
can  be  answered  very  quickly,  while  others  require  time 
and  study.  The  total  number  of  letters  written  during  the 
year  ending  December  15  has  been  2,186. 

B.     Extent  of  Chemical  Work. 

In  the  last  report  attention  was  called  to  the  fact  that  the 
ever-increasino;  demand  on  the  chemists'  time  for  work  of  a 
routine  character  —  the  analyses  of  water,  milk,  cream  and 
feed  stuffs  —  very  seriously  interfered  with  the  extent  of 
experimental  work.  This  has  been  particularly  the  case 
the  past  year,  due  largely  to  the  amount  of  time  required 
in  connection  with  the  dairy  law.  In  fact,  the  work  of 
investigation  has  been  seriously  curtailed,  which  is  much  to 
be  regretted. 

There  have  been  sent  in  for  examination  242  samples  of 
water,  164  of  milk,  1,557  of  cream,  15  of  pure  and  process 
butter,  48  of  oleomargarine,  106  of  feed  stuffs  and  5  of 
miscellaneous  substances.  In  connection  with  experiments 
by  this  and  other  divisions  of  the  station,  there  have  been 
analyzed,  in  whole  or  in  part,  148  samples  of  milk  and 
cream,  80  of  butter  fat  and  563  of  fodders  and  feed  stufls. 
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There  have  also  becu  collected,  under  the  provision  of  the 
feed  law,  and  tested,  either  individually  or  in  composite, 
694  samples  of  concentrated  feed  stufls.  This  makes  a 
total  of  3,622  substances  analyzed  during  the  year,  as 
against  3,036  last  year  and  2,045  in  the  previous  year. 
Work  on  the  pentosans  and  galactan,  not  incJuded  in  the 
above,  has  been  done  for  the  Association  of  Official  Agri- 
cultural Chemists.  In  addition,  forty-five  candidates  have 
been  examined  and  given  certificates  to  operate  Babcock 
machines  in  creameries  and  milk  depots,  and  5,041  pieces 
of  glassware  have  been  tested  for  accuracy. 

C.  Character  or  Chemical  Work. 
(a)  Water.  —  It  has  been  the  custom,  ever  since  the 
establishment  of  the  Massachusetts  State  Experiment  Station, 
in  1882,  to  make  sanitary  analyses  of  drinking  waters  free 
of  cost  to  all  citizens  of  Massachusetts.  Work  of  this 
character  has  increased  until  it  has  become  quite  burden- 
some. Acting  with  the  approval  of  the  Experiment  Station 
committee,  the  following  rules  were  adopted,  and  went  into 
effect  July  1  :  — 

1.  Hereafter,  all  parties  wishing  to  secure  a  sanitary  analysis 
of  water  at  the  Hatch  Experiment  Station  must  make  known  their 
desire  by  postal  or  letter,  whereupon  a  glass  bottle,  securely 
encased,  accompanied  by  full  instructions  for  collecting  and 
shipping  the  sample,  will  be  forwarded  by  express  to  the  applicant. 

2,  According  to  a  recent  official  ruling,  no  party  shall  be  allowed 
to  have  more  than  ttoo  samples  of  water  tested  at  this  station  free 
of  cost  in  a  single  mouth.  Additional  analyses  may  be  obtained 
within  this  time  at  a  cost  of  two  dollars  each,  providing  the 
resources  of  the  station  permit. 

Heretofore,  parties  have  been  allowed  to  send  in  any 
number  of  samples,  at  any  time,  in  any  kind  of  vessel. 
One  result  of  this  custom  was,  that  the  station  often  received 
more  samples  than  could  be  properly  handled,  and  other 
work  was  crowded  to  one  side.  Now  it  is  possible  to 
regulate  the  number  of  samples  by  the  time  at  our  disposal. 
Because  of  the  large  amount  of  work  on  hand,  it  has  become 
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necessary  to  refuse  water  samples  during  the  months  of 
Xovember  and  December  of  the  present  year.  Agiiin, 
many  persons  had  only  an  imperfect  understanding  of  the 
method  of  taking  and  sliipping  a  sample  ;  consequently, 
the  water  was  often  received  in  improper  condition,  render- 
ing the  results  of  very  questionable  value.  At  present,  a 
clean,  glass-stoppered  bottle  is  shipped  the  applicant,  to- 
gether with  full  instructions.  The  chemist,  therefore,  feels 
reasonably  sure  that  the  sample  under  examination  is  a  fair 
one,  and  the  results  obtained  are  of  a  more  positive  char- 
acter. 

Samples  are  received  not  only  from  farmers,  but  from 
persons  following  various  trades  and  professions.  They 
are  practicall}^  all  from  wells,  springs  and  ponds  in  towns 
and  villages  not  having  a  public  water  suppl}'.  Many  are 
of  fair  quality,  others  quite  suspicious,  while  some  are 
entirely  unfit  for  use.  Some  samples  have  been  found  to 
contain  lead,  due  to  the  use  of  lead  pipe.  Drinking  water 
thus  polluted  results  in  serious  cases  of  lead  poisoning,  as 
many  persons  have  found,  to  their  sorrow.  All  parties  are 
cautioned  never  to  use  lead  jpipe  to  conduct  ivater  intended  for 
drinking  or  cooking purjposes.  It  is  not  considered  necessary 
to  publish  the  results  of  the  various  analyses  made,  as  they 
convey  no  particular  information  that  could  be  of  general 
interest. 

(Jj)  Dairy  Products  and  Feed  Stuffs. — More  than  the 
usual  number  of  samples  of  milk  and  cream  have  been  re- 
ceived during  the  past  year.  They  were  sent  largely  for 
the  purpose  of  determining  the  amount  of  butter  fat  they 
contained.  Some  farmers  are  desirous  of  knoAving  the 
(juality  of  milk  produced  by  their  animals,  Avhile  others, 
who  sell  cream  to  the  dilicrent  creameries,  wish  to  ascertain 
how  closely  the  station  tests  agree  with  those  made  by  the 
local  creamery.  Quite  frequently  samples  of  milk  are  re- 
ceived from  milkmen  whose  product  has  been  found  to  bo 
below  the  standard  by  the  inspector  or  milk  contractor. 
In  such  cases  the  determination  of  both  total  solids  and  fat 
is  made.  The  results  of  all  analyses  are  returned  witliin 
a  few  days,  together  with  as  full  information  as  possible. 
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Printed  circulars  are  also  sent,  containing  information  con- 
cerning the  quality  of  the  milk  produced  by  different  breeds 
of  animals,  and  the  necessary  instruction  relative  to  the 
best  methods  to  be  used  in  estimating  the  butter  producing 
capacity  of  dairy  herds. 

In  addition  to  the  above,  this  division  examines  milk, 
cream  and  butter  collected  in  western  Massachusetts  by 
the  agent  of  the  Dairy  Bureau,  The  work  is  confined 
largely  to  the  detection  of  oleomargarine,  and  is  paid  for 
by  the  Bureau,  at  a  definite  price  for  each  determination. 

The  number  of  feed  stuffs  sent  for  examination  was  a  trifle 
less  than  usual,  due  to  the  fact  that  quite  thorough  informa- 
tion of  this  character  is  now  furnished  in  the  feed  bulletins 
issued  from  time  to  time  by  this  division.  During  the 
winter  and  early  spring  a  considerable  number  of  samples 
of  cotton-seed  meal  were  received,  tested,  and  the  results 
returned  without  delay. 

(c)  Chemical  Investigation.  —  So  far  as  possible,  it  is  the 
intention  of  this  division  to  continue  its  investigation  of 
some  of  the  various  dairy  and  feeding  problems  demanding 
solution.  At  present  the  time  is  devoted  to  the  examina- 
tion of  butter  fat,  the  manufacture  of  butter,  and  the  digesti- 
bility of  concentrated  feed  stufts  and  summer  forage  crops. 
Work  of  this  character  is  to  be  found  in  connection  with 
Part  II.  of  this  report. 

D.  Cattle  Feed  Inspection. 
The  inspection  of  cattle  feeds  has  been  carried  on  in 
much  the  same  manner  as  in  previous  years.  Bulletin  No. 
71,  comprising  forty  pages,  was  issued  early  in  the  year. 
This  contains  analyses  of  653  cattle  feeds,  33  poultry  feeds, 
46  so-called  condimental  foods  for  horses,  cattle  and  poultry, 
together  with  full  discussion  of  the  results  obtained.  The 
interested  reader  is  referred  to  it.  When  warranted,  addi- 
tional information  is  issued  as  press  bulletins  and  sent  to 
about  one  hundred  newspapers  in  the  State.  Should  any 
material  be  found  seriously  adulterated,  a  special  circular  is 
sent  at  once  to  the  grain  dealers  in  every  town.  Two  com- 
plete inspections  have  been  made  during  the  present  year, 
resulting  in  the  collection  of  698  samples.     They  are  now 
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under  examination,  and  the  results  thus  far  obtained  allow 
the  following  deductions  :  — 

(rt)  The  larger  part  of  the  cotton-seed  meal  is  now  guaran- 
teed, and  is  of  excellent  quality.  A  few  unguaranteed  meals 
were  found  mixed  with  more  or  less  hulls.  Fanners  are 
strongly  urged  to  buy  only  guaranteed  meals. 

(b)  Gluten  meal  ?a\difeed  are  nearly  always  accompanied 
with  a  guaranty,  and  are  free  from  any  foreign  admixtures. 

(c)  Wheat  bran  and  middlhigs  are  seldom  adulterated. 
Purchasers  arc  recommended,  however,  to  give  preference 
to  those  articles  branded  with  the  name  of  reputable  manu- 
facturers, or  to  examine  the  article  closely  before  buying, 
in  order  to  note  its  qualit}'. 

(d)  Mixed  feed,  so  called,  consists  of  the  entire  wheat 
offal  or  mixtures  of  bran,  coarse  and  flour  middlings.  The 
larger  the  proportion  of  flour  middlings,  the  more  valuable 
the  feed.  Different  brands  show  noticeable  variations  in 
the  proportions  of  the  several  ingredients.  Farmers  can 
obtain  a  very  desirable  mixed  feed  by  mixing  equal  parts 
by  weight  of  bran  and  flour  middlings  or  red  dog  flour. 
Such  a  feed  will  be  decidedly  preferable  to  many  of  the 
brands  now  on  the  market,  and  the  cost  will  not  be  in- 
creased. ]\Iost  mixed  feeds  are  entirely  free  from  adultera- 
tion. A  few  samples  were  found  containing  a  considerable 
quantity  of  ground  corn  cobs.  Some  were  marked  Ken- 
tucky ]Milling  Company,  others  Kentucky,  and  a  few^  were 
without  brand.  Several  samples  contained  a  noticeable 
amount  of  w^heat  screenino^s.  Mixed  feed  containinof  cobs 
can  generally  be  recognized  by  the  hard,  woody  nature  of 
the  material  when  chewed.  A  close  inspection  of  the  feed 
will  reveal  the  presence  of  screenings.  Consumers  are  es- 
pecially cautioned  against  such  feeds. 

(e)  Oat  offal,  the  refuse  from  the  oat  meal  mills,  contains 
large  quantities  of  oat  hulls.  Tavo  brands,  namely,  "X" 
and  "  Boston,''  Avere  practically  all  hulls.  The  price  of  the 
offal  varied  from  $16  to  $27  a  ton.  It  is  relatively  a  very 
expensive  feed. 

(f)  Dried  brewers'  grains  and  malt  sprouts  offer  cheap 
sources  of  protein,  provided  they  can  be  obtained. 

In  general,  it  can  be  said  that  the  number  of  brands   is 
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increasing  each  year,  practically  all  of  which  are  the  by- 
products from  different  manufacturing  industries.  The  bet- 
ter class  of  feed  stuffs,  as  put  out  by  firms  of  established 
reputation,  are  not  adulterated  ;  irresponsible  firms,  however, 
are  making  systematic  attempts  to  put  out  inferior  goods. 
This  is  noticed  especially  in  the  persistent  attempt  to  sell 
cotton-seed  meal  mixed  with  fine-ground  hulls  for  g^enuine 
meal ;  in  the  substitution  of  fine-ground  corn  cobs  for  mid- 
dlings in  mixed  feeds ;  in  the  offering  of  fine-ground  rice 
hulls  to  dealers  for  the  purpose  of  adulterating  standard 
grains ;  and  in  the  use  of  oat  offal  rather  than  ground  oats 
in  the  mixing  of  the  so-called  provender  (cracked  corn  and 
ground  oats). 

The  following  is  the  text  of  the  present  feed  stuff  law  :  — 

[Chapter  117,  Acts  and  Resolyes  of  1897.] 

Section  1.  The  director  of  the  Hatch  Experiment  Station  of 
the  Massachusetts  Agricultural  College  is  hereby  authorized  and 
directed,  in  person  or  by  deputy,  to  take  samples  not  exceeding 
two  pounds  in  weight  from  any  lot  or  package  of  concentrated 
commercial  feed  stuff,  used  for  feeding  any  kind  of  farm  live 
stock,  which  may  be  in  the  possession  of  any  manufacturer, 
importer,  agent  or  dealer,  cause  the  same  to  be  analyzed  for  the 
amount  of  crude  protein  and  crude  fat  contained  therein,  as  well 
as  for  other  ingredients  if  thought  advisable,  and  cause  the  results 
of  the  analyses  to  be  published  from  time  to  time  in  especially 
prepared  bulletins,  with  such  additional  information  as  circum- 
stances advise  :  2')rovided,,  hoiuever,  that  in  publishing  the  results 
of  the  analyses,  the  name  of  the  jobbers  or  local  dealers  selling 
the  said  feed  stuffs  shall  not  be  used,  but  the  commodity  analyzed 
shall  be  identified  and  desci'ibed  by  the  name  of  the  manufacturer, 
or  the  commercial  name  or  designation  by  which  it  is  known  in  the 
trade. 

Section  2.  Whenever  requested,  said  samples  shall  be  taken 
in  the  presence  of  the  party  or  parties  in  interest  or  their  repre- 
sentative, and  shall  in  all  cases  be  taken  from  a  parcel  or  number 
of  packages  which  shall  not  be  less  than  five  per  cent,  of  the 
whole  lot  inspected,  shall  be  thoroughly  mixed  and  then  divided 
into  two  equal  samples  and  put  in  glass  vessels  and  carefully 
sealed,  and  a  label  placed  on  each  vessel  stating  the  name  or 
brand  of  the  feed  stuff  or  material  sampled,  the  name  of  the 
manufacturer  when  possible,  the  name  of  the  party  from  whose 
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stock  the  sample  was  takeu,  and  the  time  and  phiee  of  taking  ; 
said  label  shall  be  signed  by  the  director,  or  his  deputy,  and  by 
the  party  or  parties  in  interest  or  their  representative  if  present 
at  the  taking  and  sealing  of  the  samples.  One  of  said  duplicate 
samples  shall  be  retained  by  the  director  and  the  other  by  the 
party  whose  stock  was  sampled. 

Section  3.  To  defray  the  expenses  of  collecting  and  analyzing 
the  samples  and  of  publishing  the  results,  the  sum  of  twelve  hun- 
dred dollars  shall  be  allowed  and  paid  annually  in  semi-annual 
payments  from  the  treasury  of  the  Commonwealth  into  the  treasury 
of  the  Massachusetts  Agricultural  College. 

Section  4.  This  act  shall  take  effect  on  the  first  day  of  July 
in  the  year  eighteen  hundred  and  ninety-seven. 

The  above  law  simply  provides  for  collecting  and  analyz- 
ing the  samples  and  for  the  publication  of  the  results.  It 
prevents  the  publication  of  the  names  of  the  jobbers  or 
local  dealers  selling  the  feed  stuffs.  It  was  the  best  that 
could  be  procured  at  the  time.  In  the  light  of  our  experi- 
ence, it  is  believed  that  this  laAv  should  be  changed  and 
a  more  comprehensive  one  made,  with  the  following  points 
emphasized  :  — 

1.  An  explicit  statement  of  those  feed  stuffs  included  and 
those  not  included  within  the  law. 

2.  The  tagging  of  each  package  with  the  }>rand,  name  and 
place  of  business  of  the  manufacturer  or  sponsor,  net  weight, 
and  a  guaranty  of  protein,  ftit  and  fibre. 

3.  The  prohibiting  of  adultei-ation  of  any  grain  or  recog- 
nized by-product  with  any  foreign  material  whatsoever, 
unless  the  name  and  quantity  of  said  material  is  clearly 
specified  on  the  package. 

4.  The  filing  upon  request  by  each  manufacturer  of  a 
certified  sample  of  each  distinct  brand  of  feed  stuff  offered 
for  sale. 

5.  Instructions  concerning  the  collection  and  analyzing  of 
the  feed  stufts  and  the  publication  of  the  results. 

6.  A  penalty  for  obstructing  an  agent  in  the  collecting  of 
samples,  and  for  selling  articles  which  are  not  as  represented. 

7.  The  appropriation  from  the  State  treasury  of  at  least 
double  the  sum  now  appropriated  for  the  purpose  of  carry- 
ing out  the  ])rovisions  of  the  new  laAV. 
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Laws  similar  to  the  one  outlined  arc  now  in  operation  in 
Maine,  New  Hampshire,  Vermont,  Rhode  Island,  Connecti- 
cut, New  York,  Pennsylvania,  New  Jersey,  Maryland  and 
Wisconsin.  It  is  believed  that  the  enactment  of  a  law 
including  the  points  outlined  above  would  be  for  the  true 
interest  of  producers  and  consumers  alike. 

E.     Dairy  Legislation. 
The   Massachusetts   Legislature    during   the    session    of 
1901-1902  passed  the  following  law  :  — 

[Chapter  202.] 
An  Act  to  provide  for  the  protection  of  dairymen. 
Be  it  enacted,  etc.,  as  follows  : 

Section  1.  All  bottles,  pipettes  or  other  measuring  glasses 
used  by  any  person,  firm  or  corporation,  or  by  any  employee  or 
agent  thereof,  at  any  creamery,  cheese  factory,  condensed  milk 
factory,  milk  depot,  or  other  place,  in  this  state,  in  determining 
by  the  Babcock  test,  or  by  any  other  test,  the  value  of  milk  or 
cream  received  from  different  persons  or  associations  at  such 
creameries,  factories  or  milk  depots  as  a  basis  of  payment  for  such 
milk  or  cream,  shall  before  use  be  tested  for  accuracy.  Such 
bottles,  pipettes  or  measuring  glasses  shall  bear  in  ineffaceable 
marks  or  characters  the  evidence  that  such  test  has  been  made  by 
the  authority  named  in  section  two  of  this  act.  No  inaccurate 
bottles,  pipettes  or  glasses  shall  bear  such  marks  or  characters, 
but  when  found  inaccurate  shall  be  marked  "  Bad." 

Section  2.  It  is  hereby  made  the  duty  of  the  director  of  the 
Hatch  Experiment  Station  of  the  Massachusetts  Agricultural  Col- 
lege, or  of  some  competent  person  designated  by  him,  to  test  all 
bottles,  pipettes  or  other  measuring  glasses,  as  required  by  sec- 
tion one  of  this  act.  The  director  of  the  experiment  station  shall 
receive  for  such  service  the  amount  of  the  actual  cost  incurred, 
and  no  more,  the  same  to  be  paid  by  the  persons  or  corporations 
for  whom  it  is  rendered. 

Section  3.  Within  six  months  after  this  act  takes  effect,  and 
once  each  year  thereafter,  the  director  of  the  Hatch  Experiment 
Station,  or  his  authorized  agent,  shall  inspect  at  the  expense  of 
the  owners  all  centrifugal  or  other  machines  used  by  any  person, 
firm  or  corporation,  or  by  any  agent  or  employee  thereof,  for  the 
testing  of  milk  or  cream  in  fixing  the  value  thereof ;  and  the  director 
of  the  experiment  station  or  his  authorized  agent  shall  cause  all 
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such  machines  to  be  put  into  condition  to  obtain  accurate  results 
with  the  Babcock  test  or  other  tests,  at  the  expense  of  the  owners 
thereof.  Such  machines  may  be  replaced  by  new  ones  at  the 
option  of  the  persons  to  whom  they  belong. 

Section  4.  No  person  shall,  either  by  himself  or  in  the  employ 
of  any  other  person,  firm  or  corporation,  manipulate  the  Babcock 
test,  or  any  other  test,  whether  mechanical  or  chemical,  for  the 
purpose  of  measuring  the  butter  fat  contained  in  milk  or  cream  as 
a  basis  for  determining  the  value  of  such  milk  or  cream,  or  of  but- 
ter or  cheese  made  from  the  same,  without  first  obtaining  a  certif- 
icate from  the  director  of  the  Hatch  Experiment  Station  that  he 
or  she  is  competent  to  perform  such  work.  Rules  governing  appli- 
cations for  such  certificates  and  the  granting  of  the  same  shall  be 
established  by  the  said  director.  The  fee  for  issuing  such  a  certif- 
icate shall  in  no  case  exceed  two  dollars,  the  same  to  be  paid  by 
the  applicant  to  the  said  director,  to  be  used  in  meeting  the  ex- 
penses incurred  under  this  act. 

Section  5.  It  shall  be  the  duty  of  the  director  of  the  Hatch 
Experiment  Station  to  test  farmers'  samples  of  milk  or  cream  by 
the  Babcock  method,  and  report  the  results  of  each  test,  the  cost 
of  such  test  to  be  paid  by  the  farmer.  The  director  shall  also  test 
by  the  Babcock  method,  samples  of  milk  or  cream  sent  from  any 
creamery,  factory  or  milk  depot  in  the  state  by  its  proper  repre- 
sentative, the  actual  cost  of  such  tests  to  be  borne  by  the  sender. 
The  experiment  station  shall  publish  and  distribute  such  informa- 
tion concerning  the  Babcock  test,  and  the  taking  and  forwarding 
of  samples,  as  it  deems  necessary  under  this  section. 

Section  6.  Any  person  violating  any  provision  of  this  act 
shall  be  fined  not  more  than  twenty-five  dollars  for  the  first  offence 
and  not  more  than  fifty  dollars  for  each  subsequent  offence. 

Section  7.  This  act  shall  take  effect  on  the  first  day  of  July  in 
the  year  nineteen  hundred  and  one.      [Approved  March  26,  1901. 

The  execution  of  the  above  law  having  been  referred  to 
this  division,  a  circular  was  prepared,  giving  the  text  of  the 
law,  together  with  such  rules  and  regulations  as  it  seemed 
wise  to  make  for  the  carrying  out  of  its  several  provisions. 
There  seeming  to  be  doubt  in  some  instances  as  to  whom 
the  law  applied,  the  following  interpretation  was  made, 
which  is  ])elieved  to  be  correct  and  in  accordance  with  the 
spirit  of  the  law  :  — 

1.  All   parties  employing  the  Babcock  or  similar  test 
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simply  as  a  protection  against  adulteration,  the  results  of 
which  in  no  way  affect  the  price  of  milk  or  cream  to  either 
the  producer  or  consumer,  shall  be  considered  exempt  from 
the  law. 

2.  All  parties  employing  the  Babcock  or  similar  test  (as 
described  in  section  4)  for  the  purpose  of  measuring  the 
butter  fat  contained  in  the  milk  or  cream,  as  a  basis  for 
determining  or  fixing  the  value  of  such  milk  or  cream  (to 
either  producer  or  purchaser),  shall  be  considered  subject 
to  the  requirements  of  the  law. 

The  law  practically  resolves  itself  into  three  sections  : 
(1)  the  testing  of  glassware  for  accuracy  of  graduation  ;  (2) 
the  examination  of  candidates  for  proficiency  in  operating 
the  test ;   (3)  the  inspection  of  Babcock  machines. 

Insj)ectioji  of  Glassicare.  —  The  scale  on  the  neck  of  the 
cream,  whole  and  skim  milk  bottles  is  tested  for  accuracy 
of  graduation  b}^  the  mercury  method,  as  described  by  Far- 
rington  &  Woll  in  their  work  entitled  "  Testing  milk  and 
its  products."  Pipettes  and  acid  measures  are  tested  for 
accuracy  by  carefully  measuring  the  amount  of  water  they 
deliver.     The  following  limits  of  error  were  adopted  :  — 


Capacity. 

Single 
Graduation. 

Limit 
of  Error. 

Cream  bottles,  Connecticut,       .... 

Per  Cent. 
30-35-40 

Per  Cent. 
.50 

Per  Cent. 
.50 

Cream  bottles,  Connecticut 

50 

1.00 

.50 

Cream  bottles,  Bartlett 

25 

.20 

.20 

Milk  bottles,  common 

10 

.20 

.20 

Milk  bottles,  Ohlsson, 

5 

.10 

.10 

Milk  bottles,  Wagner, 

8 

.10 

.10 

Skim  milk  bottles,  double  quantity, 

2.00 

.10 

.10 

Skim  milk  bottles,  Ohlsson, 

.50 

.05 

.02 

Skim  milk  bottles,  improved  Ohlsson,     . 

-.25 

.01 

.01 

Skim  milk  bottles,  Wagner 

.50 

.05 

.02 

Skim  milk  bottles,  Improved  Wagner,     . 
Pipettes,  cream 

.25 
Cubic 
Centimetre. 
18.00 

.01 

Ciiljic 

Centimetre. 

.10 

Cubic 

Centimetre. 

.10 

Pipettes,  milk, 

17.60 

- 

.10 

Acid  measures, 

17.50 

- 

.20 
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All  glassware  found  to  be  correct  is  marked  "  Mass.  Ex. 
St.,"  by  means  of  a  sand  blast,  working  under  twenty-five 
pound  pressure.  The  necessary  air  pressure  for  the  blast  is 
obtained  by  a  double-acting  power  air  pump,  *  with  a  thirty- 
gallon  reservoir. 

It  became  necessar}^  at  first  to  test  the  Avare  in  use  by  all 
creameries  and  milk  depots.  Now,  practically  none  is 
received  from  these  sources,  but  rather  from  the  large 
supply  houses,  who  furnish  tested  Avare  whenever  requested. 
There  has  been  examined  to  date  5,041  pieces,  of  which  291 
pieces,  or  5.77  per  cent.,  have  been  found  to  be  incorrect. 
One  order  from  a  large  supply  house,  numbering  441  pieces, 
contained  149  pieces,  or  33.8  per  cent.,  incorrectly  gradu- 
ated. The  wisdom,  therefore,  of  this  section  of  the  law  is 
apparent  without  further  argument. 

jNIanufacturers  are  now  inclined  to  be  more  careful  con- 
cerning the  quality  and  accuracy  of  glassware  supplied,  for 
the  reason  that  a  large  part  is  examined  by  the  several 
experiment  stations  before  coming  into  the  hands  of  the 
users. 

Examination  of  Candidates.  |  —  It  seemed  wise  to  require 
candidates  to  present  themselves  at  the  station  laboratory 
for  examination.  In  all,  45  candidates  have  been  examined 
to  date.  Scarcely  any  were  found  to  be  free  from  faults, 
but  the  larger  number  appeared  to  understand  the  general 
princ'i})les  of  manipulation.  A  few  were  noticeably  careless, 
and  had  but  an  imperfect  understanding  of  the  process. 
As  much  instruction  as  possible  w^as  given  in  the  time  at 
our  disposal,  an  especial  effort  being  made  to  correct  the 
serious  faults.  In  furtherance  of  this  idea,  the  following 
circular  concerning  the  points  especially  to  be  observed  in 
making  the  test  was  printed,  and  a  copy  given  to  each  party 
examined  :  — 

1.  Milk  or  cream  should  be  carefully  and  thoroughly  mixed, — 
never  by  shaking  the  sample,  but  by  gently  rotating  it  aud  by 
pouring  from  one  vessel  to  another.     All  cream  adhering  to  the 

*  No.  3,  A.  Babcock  &  Bishop  Company,  New  York. 

t  The  inspection  of  the  jrlassware  and  the  examination  of  candidates  were  largely 
in  charge  of  Mr.  E.  B.  Holland,  who  gave  these  matters  very  careful  attention, 
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sides  and  stopper  of  the  retaining  vessel  must  be  incorporated, 
and  the  resulting  mixture  should  show  no  solid  particles  of  fat. 
A  small  fine  wire  sieve  is  of  great  value  in  detecting  the  imperfect 
(lumpy)  condition  of  a  sample  and  in  preparing  the  same  for 
pipetting. 

2.  Pipette  immediately  after  preparing  the  sample,  filling  the 
pipette  slowly,  and  taking  care  to  avoid  air  bubbles.  Hold  the 
pipette  in  a  vertical  position  when  lowering  the  liquid  to  the  mark, 
and  always  read  with  the  entire  meniscus  above  the  line.  In 
transferring  milk  or  cream  to  the  test  bottles,  avoid,  so  far  as 
possible,  the  smearing  of  the  entire  neck  with  the  liquids. 

3.  Cream  testing  above  25  per  cent,  of  fat  should  always  be 
weighed,  as  accurate  results  cannot  be  secured  with  the  pipette. 

4.  In  adding  the  acid,  turn  the  bottle  so  as  to  wash  down  all 
milk  or  cream  adhering  to  the  sides  of  the  neck,  and  mix  at  once. 
Rotate  the  bottle  until  all  the  lumps  of  casein  are  thoroughly  dis- 
solved, and  the  resulting  mixture  is  black  in  color.  Never  slight 
the  mixing,  and  avoid  throwing  the  fat  up  into  the  neck. 

5.  Whirl  at  least  five,  two,  and  two  minutes.  In  filling  with  hot 
water,  allow  the  water  to  run  down  the  sides  of  the  neck,  and  thus 
avoid  stirring  up  the  contents  of  the  bottle. 

6.  In  reading  the  column  of  fat,  it  is  safer  to  use  a  pair  of 
dividers  than  to  trust  to  the  unaided  eye  ;  read  the  centre  of  the  fat 
column  from  the  lowest  to  the  highest  limit. 

Inspection  of  Machines.  — The  inspection  of  Babcock  ma- 
chines, in  accordance  with  section  3  of  the  law,  is  now  in 
progress.  Mr.  Nathan  J.  Hunting,  a  graduate  of  the  col- 
lege in  the  class  of  1901,  is  charged  with  the  execution  of 
this  work.  It  is  not  possible  at  present  to  make  any  def- 
inite report,  other  than  to  state  that  a  number  of  machines 
have  thus  far  been  condemned  and  others  have  been  ordered 
repaired. 

F.     Miscellaneous. 

Under  this  heading  it  is  desired  to  call  attention  to  the 
compilation  of  analyses  of  cattle  feeds  and  dairy  products 
prepared  by  Messrs.  Holland  and  Smith,  and  published  as 
Part  III.  Tables  of  a  similar  character  were  printed  in  the 
ninth  report  of  this  station.  The  present  compilation  — 
representing  the  analysis  of  diflferent  substances  made  since 
the  establishment  of  the  Massachusetts  State  Experiment 


1902.]  PUBLIC   DOCUMENT  — Xo.   33.  161 

Station  —  has  been  thoroughly  revised,  and  some  feeds  that 
are  no  longer  on  the  market  or  were  of  only  temporary 
interest  have  been  omitted.  This  is  especially  true  of  a 
number  of  concentrated  by-products,  where  the  process  of 
manufacture  has  been  noticeably  changed  and  improved. 

Tables  showing  the  coefficients  of  digestibility  of  all 
American  feed  stuffs,  similar  to  those  published  in  the  ninth 
report  are  also  presented.  Work  of  this  nature  requires  a 
o-reat  amount  of  tunc,  and  severely  taxes  the  resources  of 
the  station  staff. 
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Part  II.  —  Dairy  and  Feeding  Experiments. 


J.    B.    LINDSEY.* 


A.  Effect  of  Feed  on  the  Composition  of  Milk  and 
ON  THE  Consistency  or  Body  of  Butter. 

Experiments  of  this  character  have  been  in  progress  since 
1898.  A  general  outline  of  those  previously  completed  will 
be  found  in  the  preceding  (thirteenth)  report  of  this  station 
(pages  14-33). 

During  the  autumn  and  winter  of  1900-1901  another 
series  was  conducted,  for  the  purpose  of  noting  particularly 
the  effect  of  cotton-seed  meal  with  a  minimum  amount  of 
oil,  and  likewise  with  the  addition  of  cotton-seed  oil,  on  the 
relative  proportions  of  the  several  ingredients  in  milk  and 
butter  fat  and  on  the  body  of  the  butter.  It  is  intended  at 
present  only  to  briefly  outline  the  character  of  the  experi- 
ment, and  to  call  attention  to  a  few  of  the  more  important 
facts  ;  the  full  data  will  be  published  later. 

Plan  of  Experiment.  —  Ten  cows  were  divided  into  two 
herds  of  five  each.  During  the  first  period  both  herds 
received  the  same  or  so-called  standard  ration.  During  the 
three  subsequent  periods  Herd  I.  continued  to  receive  the 
standard  ration  as  in  the  first  period,  and  in  case  of  Herd  II. 
a  portion  of  the  standard  ration  was  replaced  by  cotton-seed 
meal,  cotton-seed  oil  and  Cleveland  flax  meal. 


Table  I. — Duration  of  Experiment. 


Periods. 

Dates  of  Experiment. 

Length  in 
Weeks. 

First  period,  botli  lierds  standard  ration,    . 

Second  period,  Herd  II.,  cottonseed  ration. 

Third  period.  Herd  II.,  cotton-seed  oil  ration,  . 

Fourth  pei'iod,  Herd  II.,  Cleveland  flax  meal 
ration. 

Nov.  17  through  Dec.    7, 
Jan.     5  through  Feb.    8, 
Feb.  23  through  April  6, 
April  20  through  May  16, 

3 

5 
6 
4 

*  Together  with  E.  B.  Holland,  P.  H.  Smith,  Jr.,  and  J.  W.  Kellogg. 
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Table  II. — Approximate  Daily  Rations  (^Pounds). 
First  period :  both  herds,  standard  ration. 


Herds. 

Standard 
Ration. 

Cotton- 
seed 
Meal. 

Cotton- 
seed Oil. 

Cleveland 
Flax  Meal. 

First 
Cut 
Hay. 

Kowen. 

Herd  1 9 

Herd  II 9 

- 

- 

- 

8-12 
8-12 

10 
10 

Second 2ieriod :  Herd  /.,  standard  ration;  Herd  II.,  cottonseed  ration. 

Herd  I 

Herd  II 

y 

5 

3 

- 

-■ 

8-12 
8-12 

10 
10 

Third  period:  Herd  I.,  standard  rcUion;  Herd  II.,  cotton-seed  oil  ration. 

Herd! 

Herd  II.,     .... 

9 
5 

3 

.5 

- 

8-12 

8-12 

10 
10 

Fourth  2>eri/jd  :  Herd  I.,  standard  ration ;  Herd  II.,  Cleveland  flax,  meal 

ration. 


Herd  I., 
Herd  II., 


9 
4 

- 

- 

3 

8-12 
8-12 

The  standard  ration  consisted  of  3  pounds  of  wheat  bran, 
5  pounds  of  ground  oats  and  i^  pound  each  of  cotton-seed 
and  gluten  meal.  It  i.s  not  to  be  inferred  that  this  so-called 
standard  ration  is  superior  to  all  other  rations,  but  simply 
that  it  was  thought  to  be  a  safe  and  desii-able  ration,  and 
likely  to  produce  normal  milk  and  butter.  It  was  intended 
to  secure  cotton-seed  meal  with  a  minimum  percentage  of 
oil,  but,  in  .spite  of  all  etlbrts,  the  lowest  obtainable  con- 
tained 8  per  cent.  The  extra  cotton-seed  oil  fed  in  the 
third  period  was  mixed  with  the  grain  ration. 
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Table  III.  —  Avei'age  Composition  of  Milk. 
First  period:  both  herds  standard  ration. 


Herds. 

Total 
Solids. 

Fat. 

Solids 
not  Fat. 

Nitrogem. 

Ash. 

Herd  I., 

Herd  II.,         .... 

14.15 
14.27 

5.00 
4.93 

9.15 
9.34 

.538 
.546 

.73 
.72 

Second  period :  Herd  I.,  standard  ration ;  Herd  II.,  cotton-seed  ration. 

Herd  I 

Herd  II 

14.16 
14.30 

5.06 
4.98 

9.10 
9.32 

.550 
.562 

.73 

.71 

Third  period:  Herd  I.,  standard  ration;  Herd  II.,  cottonseed  oil  ration. 

Herd  I., 

Herd  II 

14.23 
14.75 

5.05 
5.40 

9.17 
9.35 

.557 
.565 

.73 

.72 

Fourth  2)eriod :  Herd  I.,  standard  ration ;  Herd  II.,  Cleveland  flax  meal 

ration. 

Herd  I 

Herd  II 

14.32 

14.81 

5.12 
5.06 

9.21 
9.75 

.565 
.616 

.74 

.74 

Composite  samples  of  milk  were  taken  from  each  herd  for 
five  days  in  each  week,  and  tested  for  total  solids,  fat,  nitro- 
gen and  ash.  The  milk  from  each  herd  showed  no  notice- 
able variations  in  composition  during  the  first  two  periods. 
In  the  third,  or  cotton-seed  oil  period,  the  milk  of  Herd  I. 
remained  as  in  the  preceding  periods,  while  the  total  solids 
and  fat  of  Herd  II.  showed  an  increase  of  about  .40  per 
cent,  at  the  beginning  of  the  period,  and  this  increase  main- 
tained itself  until  the  close  of  the  period.  The  solids  not 
fat,  nitrogen  and  ash  remained  unchanged.  In  the  fourth, 
or  Cleveland  flax  meal  period,  the  milk  from  Herd  I.  re- 
mained practically  unchanged,  increasing  a  trifle  in  all 
ingredients,  due  to  advanced  lactation.  In  case  of  the  milk 
from  Herd  II.  the  fat  decreased  to  the  percentage  produced 
in  the  second  period  (before  the  cotton-seed  oil  was  fed). 
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while  the  total  solids  remained  us  high  as  in  the  eotton-seed 
oil  period.  The  solids  not  fat  and  the  nitrogen  showed  a 
noticeable  increa.se.  The  increase  of  the  nitrogen  percent- 
age apparently  explains  why  the  total  solids  did  not  show 
the  same  relative  decrease  as  did  the  total  fat.  The  ash 
remained  unaffected. 


Table  IV.  — Average  Analysis  of  Butter  Fat. 
First  period :  both  herds  standard  ration. 


Number 

Samples, 

Each  Herd. 

Saponifi- 
cation 
Equiva- 
lent. 

Insoluble 
acids. 

Reichert 

Meissl 

Number. 

Melting 

Point 

(Degrees  c). 

Iodine 
Number. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

6  samples, 

229.3 

231. S 

88.95 

88.72 

29.02 

30.54 

33.44 

32.46 

28.28 

29.29 

Second  period:    Herd  I.,  standard  ration;   Herd  II.,  cotton-seed  meal 

ration. 


10  samples, 


228.7     230.3      88.03     87.81      29.08     30.32       33.75     34.10      27.98     29.58 


Third  period:  Herd  L,  standard  ration;  Herd  II.,  cotton-seed  oil  ration. 


12  samples,    . 


233.3 


225.3 


88.19 


3.57 


28.97 


28.82 


34.04 


36.46 


27.35 


33.78 


Fourth  jjeriod:  Herd  I.,  standard  ration;  Herd  II.,  Cleveland  flax  meal 

ration. 


8  samples,      .     228.9     228.4 


28.08     26.81        34.04     33.42      29.21     29.87 


It  will  be  seen  that,  excepting  for  minor  variations,  the 
butter  fat  produced  by  Herd  I.  remained  unchanged  through- 
out the  several  periods.  In  the  cotton-seed  meal  period  the 
fat  produced  by  Herd  II.  increased  a  little  in  its  melting 
point,  but  otherwise  no  particular  change  is  noted.  In  the 
cotton-seed  oil  period  the  fat  in  case  of  Herd  H.  showed  a 
decrease  in  its  Keichert  Meissl  number  and  a  noticeable  in- 
crease in  the  melting  point  and  iodine  number,  as  compared 
with  previous  periods.  In  the  Cleveland  flax  meal  period 
the  butter  fat  produced  by  Herd  II.  became  similar  in  com- 
position to  that  produced  by  Herd  I.,  excepting  the  Reichert 
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Meissl  number,  Avhich  somewhat  decreased.  This  decrease 
in  volatile  acids  was  also  noticed  in  a  previous  experiment, 
when  linseed  meal  was  fed  m  ith  apparently  unsatisfactory 
results,  so  far  as  the  quality  of  the  butter  was  concerned. 

Two  lots  of  butter  were  made  weekly,  the  same  condi- 
tions prevailing  in  case  of  each  herd.  These  butters  were 
scored  by  W.  A.  Gude  of  Ncav  York  and  O.  Douglass  of 
Boston  :  — 

Table  V.  —  Ave^^age  Butter  Scores. 
First  period :  both  herds  standard  ration. 


Tlavor. 

Body. 

Color. 

Salt. 

Style. 

Total. 

Scorers. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
11. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Gude, 
Douglass, . 

36.5 

38.0 

24.8 

24.6 

15.0 

15.0 

10 

10 

5 

5 

91.3 
93.6 

92.6 
93.7 

Second  period:   Herd  I.,  standard  ration;  Herd  II.,  cotton-seed  meal 

ration. 


91.9 
94.1 


Gude, 

3e.8 

37.3 

24.5 

24.8 

14.9 

14.8 

10 

10 

5 

5 

91.2 

Douglass, . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

93.8 

Third  jyeriod : 

Herd  I.,  standard  ration; 

He?'d  II.,  cotton-seed  oil  ration. 

Gude, 
Douglass, . 

36.9 

37.0 

24.1 

24.6 

14.9 

15.0 

10 

10 

5 

5 

90.9 
92.7 

91.6 
93.1 

Fourth  period :  Herd  I.,  standard  ration;  Herd  II.,  Cleveland  flax  meal 

ration. 


89.7 
90.1 


Gude, 

30.0 

.35.0 

25.0 

24.7 

15.0 

15.0 

10 

10 

5 

5 

91.0 

Douglass, . 

- 

- 

- 

- 

- 

- 

- 

- 

91.6 

Standard  Score. 


Gude, 

45.0 

45.0 

25.0 

25.0 

15.0 

15.0 

10 

10 

5 

5 

100.0 

100.0 

Douglass, . 

50.0 

50.0 

20.0 

20.0 

15.0 

15.0 

10 

10 

5 

5 

100.0 

100.0 

So  far  as  the  judgment  of  practical  scorers  is  concerned, 
little  difference  was  noted  in  the  flavor  and  body  of  the 
butter  made  from  the  different  rations.     The  butter  made 
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from  the  cotton-seed  meal  and  from  the  cotton-seed  oil 
rations  appears  to  have  been  a  trifle  more  satisfactory,  on 
the  whole,  than  that  made  from  the  standard  ration,  and 
that  made  from  the  Cleveland  flax  meal  ration  a  trifle  less 
so.  Judgino;  from  the  remarks  of  ^Nlr.  Gude,  the  tendency 
of  the  standard  ration  and  the  cotton-sccd  meal  ration  was 
to  produce  a  hard,  crumbh'  butter,  which  the  cotton-seed 
oil  counteracted,  causing  it  to  become  softer  and  more  3'icld- 
inof  in  its  nature. 

The  observation  of  the  writer  was  that  the  butter  produced 
by  the  cotton-seed  meal  ration  was  a  little  softer  than  that 
produced  by  the  standard  ration. 

The  butter  produced  by  the  cotton-seed  oil  ration  was 
noticeably  softer  and  more  yielding  than  that  produced  by 
the  standard  ration.  The  difference  Avas  not  sufficient  to 
render  the  former  butter  objectionable,  from  a  commercial 
stand-point.  At  a  temperature  of  80°  F.  the  standard  ration 
butter  stood  up  well  and  could  be  handled,  although  some- 
what soft ;  while  the  cotton-seed  oil  butter  was  handled  with 
difficulty,  appearing  to  have  lost  its  consistency  or  body. 

The  butter  produced  by  the  flax  meal  ration  was  not 
noticeably  different  from  that  produced  by  the  standard 
ration  butter.  ^Nlost  of  the  cows  during  this  period  were  in 
advanced  stage  of  lactation,  so  that  the  results  obtained  are 
not  particularly  satisfactory. 


Table  VI.  —  Average  Degrees  of  Penetration  (^Millimeters'). 


First  Period. 

Second  Period. 

Third  Period. 

rotJRTH  Period. 

Herd  I. 

Herd  II. 

Herd  I. 

Herd  II. 

Herd  I. 

Herd  II. 

Herd  I. 

Herd  II. 

4.7 

4.6 

4.5 

4.4 

4.4 

5.0 

5.2 

5.4 

By  degrees  of  penetration  is  meant  the  number  of  milli- 
meters a  small  glass  plunger  loaded  with  mercury  will  pen- 
etrate into  butter  when  dropped  from  a- definite  height.  No 
differences  were  noted  excepting  in  the  third  period,  when 
the  plunger  penetrated  deeper  into  the  butter  produced  by 
the  cotton-seed  oil,  showing  its  more  yielding  character. 
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Results.  —  The  folloAving  are  the  most  miportant  results  : — 

1.  Cotton-seed  meal  with  a  minimum  percentage  of  oil 
did  not  alter  the  percentage  composition  of  the  milk. 

2.  The  addition  of  one-half  to  three-fourths  of  a  pound 
of  cotton-seed  oil  to  the  cotton-seed  meal  appeared  to  in- 
crease the  fat  percentage  in  the  milk  about  four-tenths  of 
one  per  cent.  (5  to  5.4),  and  this  increase  was  maintained 
during  the  six  weeks  of  the  feeding  period. 

3.  The  substitution  of  Cleveland  flax  meal  for  the  cotton- 
seed meal  and  oil  resulted  in  a  decrease  of  the  fat  in  the 
milk  to  about  the  percentage  found  in  the  first  period,  while 
the  nitrogen  percentage  was  increased.  This  change  in 
composition  was  probably  due  to  the  removal  of  the  cotton- 
seed oil  from  the  ration,  and  not  to  the  influence  of  the  flax 
meal. 

4.  Cotton-seed  meal  with  minimum  oil  caused  no  marked 
variation  in  the  chemical  composition  of  the  butter  fat. 

5.  The  addition  of  cotton-seed  oil  to  the  cotton-seed  meal 
ration  produced  a  noticeable  increase  in  the  melting  point 
and  iodine  number  of  butter  fat. 

6.  Cotton-seed  meal  with  a  minimum  oil  produced  a  firm 
butter. 

7.  The  addition  of  cotton-seed  oil,  while  it  increased  the 
melting  point  of  the  butter  fat,  produced  a  softer,  more 
yielding  butter  than  that  produced  by  either  the  cotton- 
seed meal  or  the  standard  ration. 

8.  An  excess  of  cotton-seed  oil  in  the  ration  is  likely  to 
afiect  the  health  of  the  animal. 
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B.     Notes  on  Summer  Forage  Crops. 


J.    B.    LINDSET. 


This  division  has  carried  on  experiments  with  green  crops 
for  a  number  of  years,  in  order  to  ascertain  those  best  suited 
to  local  conditions  for  summer  forage.  The  results  of  these 
observations  were  published  in  Bulletin  No.  72,  issued  in 
the  spring  of  1901.  Observations  with  a  number  of  crops 
have  been  continued  the  past  season. 

Wheat  and  Winter  Vetch. — This  is  one  of  the  earliest 
spring  forage  crops.  It  has  been  grown  at  this  station  for 
two  consecutive  years,  with  very  satisfactory  results.  A 
full  description  of  the  crop  and  method  of  cultivation  is 
found  in  the  above  bulletin.  About  one-third  of  an  acre 
was  seeded  the  first  of  the  present  September,  and  has  made 
an  excellent  growth  and  promises  well  for  the  coming  sea- 
son. The  experience  obtained  wdth  this  mixture  leads  to 
the  conclusion  that  it  is  decidedly  preferable  to  winter  vye 
for  early  forage,  although  not  ready  to  cut  until  a  w^eek 
later.  The  vetch  thus  far  has  proved  perfectly  able  to  with- 
stand the  winter.  The  digestibility  of  this  mixture,  both 
green  and  in  the  form  of  hay,  has  been  made,  but  the  results 
are  not  yet  available  for  publication. 

Corn  and  Cow  Peas.  —  It  has  been  the  intention,  so  far  as 
practicable,  to  grow  mixtures  of  legumes  and  non-legumes, 
in  order  to  increase  the  amount  of  protein  in  the  several 
forage  crops.  For  a  number  of  years  corn  and  medium 
green  soy  beans  have  been  grown  together  (juite  successfully. 
The  past  season  Longfellow  corn  and  black  cow-i)eas  were 
sow^n  together  in  rows  tliree  and  one-half  feet  apart,  with  an 
Eclipse  corn  planter,  at  the  rate  of  ten  (juarts  of  corn  and 
seven  quarts  of  peas  to  the  acre.     The  soil  was  rather  of  a 


170  HATCH   EXPERIMENT   STATION.  [Jan. 

light  loam,  aiul  somewhat  sensitive  to  drought.  The  rain- 
fall proved  sufficient,  and  the  yield  was  heavy,  being  at  the 
rate  of  twenty-three  tons  to  the  acre.  The  peas  spread  out, 
nearly  covering  the  space  between  the  rows,  twining  them- 
selves at  the  same  time  about  the  stalks  of  corn.  The  crop 
was  harvested  with  some  difficulty,  because  of  its  tangled 
condition,  but  proved  quite  satisfactory  for  green  fodder. 
This  mixture,  as  well  as  that  of  corn  and  soy  beans,  will  be 
grown  again  the  coming  season.  It  is  believed  that  such 
fodder  combination  will  enable  the  farmer  to  get  along  with 
less  purchased  grain. 

Barnyard  Millet.  —  Several  plots  of  this  fodder  were 
grown  and  fed  the  past  season.  The  results  fully  confirm 
the  opinion  concerning  this  crop  expressed  in  last  year's 
report.  Its  chief  value  is  unquestionably  for  green  forage. 
The  first  crop,  sown  about  the  middle  of  May,  can  be  cut 
as  early  as  July  15  to  20,  and  if  successive  seedings  are 
made,  green  forage  may  be  had  until  into  September. 
Cutting  should  begin  just  before  the  heads  appear,  and  the 
crop  is  at  its  best  for  eight  to  ten  days  thereafter.  After  it 
is  headed  it  becomes  tough,  and  animals  refuse  quite  a  por- 
tion of  it.  In  order,  therefore,  to  secure  gi-een  fodder  from 
such  a  source  for  a  considerable  period,  it  is  necessary  that 
small  pieces  of  ground  be  seeded  every  ten  days.  This  mil- 
let succeeds  best  upon  warm,  rather  heavy,  moist,  fertile 
soils.  Such  conditions  favor  the  production  of  sixteen  to 
twenty  tons  to  the  acre,  and  even  larger  yields  have  been 
reported.  Upon  light  soils  the  writer  prefers  corn,  or  corn 
and  beans,  for  a  soiling  crop,  after  August  15.  The  millet 
when  in  blossom  is  probably  as  nutritious  as  corn  fodder  at 
the  same  stage  of  growth.  Corn  fodder,  however,  can  be 
grown  until  more  or  less  eared,  and  still  be  readily  eaten, 
and  in  this  condition  the  corn  will  naturally  have  a  superior 
feeding  value. 

Barnyard  millet  is  unsuited  for  hay,  and  is  only  to  be 
preferred  to  corn  for  silage  when  for  any  reason  it  is  not 
possible  to  secure  a  crop  of  corn. 
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Part  III.  —  Compilation  of  Analyses  of  Fod- 
der Articles  and  Dairy  Products,  made 
AT  Amherst,  Mass.,  1868-1901. 


Prepared  by  e.  b.  Holland  and  p.  h.  smith,  jr. 


COMPOSITIOX    AND    DIGESTIBILITY    OF    FODDER    ARTICLES. 

I.  —  Green  fodders. 

(a)  Meadow  grasses  and  millets. 


(6) 

Cereals. 

(0) 

Legumes. 

(d) 

Mixed  and  miscellaneous. 

II. 

—  Silage 

. 

III. 

—  Hay  and  dry,  coarse  fodders. 

(a) 

Meadow  grasses  and  millets. 

(b) 

Cereals. 

(c) 

Legumes. 

(d) 

Straw. 

(«) 

Mixed  and  miscellaneous. 

IV. 

—  Vegetables,  fruits,  etc. 

V. 

— Conce 

ntrated  feeds. 

(a) 

Protein. 

(&) 

Starchy. 

(0) 

Poultry. 

Fertilizer  Ingredients  of  Fodder  Articles 

cation,  see 

AandC.) 

Analyses  of 

Dairy  Products. 

B.     Fertilizer  Ingredients  of  Fodder  Articles.     (For  classifi- 
C. 
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B.     Fertilizer  Ingredients  of  Fodder  Articles. 

[Figures  equal  percentages  or  pounds  in  100.] 


I.— Green  Fodders. 

(a)  Meadow  Grasses  and  Millets. 
Hungarian  grass 

Japanese  millet, 

Barnyard  millet 

Millet 

Orchard  grass, 

(6)  Cereal  Fodders. 
Corn  fodder 

Oats, 

Bye, 

(c)  Legumes. 
Alfalfa, 

Horse  bean 

Soy  bean 

Soy  bean  (early  white) ,        .       .       . 

Soy  bean  (medium  green),  . 

Soy  bean  (medium  black),  . 

Soybean  (late) 

Alsike  clover, 

Mammoth  red  clover 

Medium  red  clover,       .... 

Sweet  clover, 

White  lupine 

Yellow  lupine 

Cow-pea 

Flat  pea, 

Small  pea, 

Sainfoin, 

Serradella, 


*  Most  of  these  analyses  were  made  in  earlier  years  by  the  Massachusetts  State  Ex- 
periment Station.  The  percentages  of  the  several  ingredients  will  vary  considerably, 
depending  upon  the  fertility  of  the  soil,  and  especially  upon  the  stage  of  growth  of  the 
plant.  In  the  majority  of  cases  the  number  of  samples  analyzed  is  too  few  to  give 
a  fair  average.  The  figures,  therefore,  must  be  regarded  as  close  approximations, 
rather  than  as  representing  absolutely  the  exact  fertilizing  ingredients  of  the  different 
materials.    (J.  B.  L.) 

t  Too  high;  0.26  nearer  correct.  J  Evidently  below  normal. 


a 
P 
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u 

m 

a 
I 

1 

75 

0.38 

0.52 

3 

80 

0.33 

0.22 

3 

SO 

0.30 

0.67 

1 

80 

0.29 

0.43 

4 

70 

0.43 

0.56 

21 

80 

0.39t 

0.27 

3 

75 

0.72 

0.56 

2 

75 

0.27 

0.57 

4 

75 

0.55 

0.39 

85 

0.41 

0.21 

75 

- 

0.49 

75 

0.71 

0.69 

75 

0.70 

0.59 

75 

0.88 

0.62 

75 

0.75 

0.85 

6 

75 

0.66 

0.62 

3 

75 

0.63 

0.34| 

2 

75 

0.59 

0.62 

75 

0.54 

0.50 

85 

0.45 

0.26 

85 

0.40 

0.44 

80 

0.36 

0.20 

80 

1.00 

0.43 

80 

0.53 

0.41 

75 

0.68 

0.57 

2 

80 

0.48 

0.49 
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B.    Fertilizer  bigredients  of  Fodder  Articles  —  Continued. 


•A 


■3-2 


-Green  Fodders— Co?!. 
(c)  Legumes  —  Con. 


Sulla, 

Spring  vetch,  , 

Kidney  vetch, . 


(rf)  Mixed  and  Miscellaneous. 
Vetch  and  oats, 


Apple  pomace. 
Common  buckwheat, 
Japanese  Ijuckwheat,     . 
Sliver  hull  buckwheat,  . 
Carrot  tops,      .... 
Prickly  comfrey,    . 

Summer  rape 

Sorghum, 

Teoslnte 

II.  — Silage. 
Corn 

Com  and  Boy  bean, 

Millet 

Millet  and  soy  bean. 


III.  — Hat  and  Drt  Coarse  Fodders. 

(a)  Meadoio  Grasses  and  Millets. 
Barnyard  millet 


Hungarian  grass,    . 
Italian  rye  grass,    . 
Kentucky  blue  grass,    . 
Meadow  fescue, 
Orchard  grass, 
Perennial  rye  grass. 

Red  top, 

Timothy 

English  hay  (mixed  grasses), 

Rowen, 

Branch  grass,  .... 
Fox  grass,  .... 
Salt  hay  (variety  uncertain), 


85 


85 
80 
70 

80 
76 

74 


0.68 
0.48 
0.i>9 

0.30* 

0.21 

0.44 

0.26 

0.29 

0.69 

0.37 

0.34 

0.27 

0.47 

0.42 
0.65 
0.26 
0.42 


1.29 
1.29 
1.12 
1.20 
0.93 
1.23 
1.16 
1.07 
1.20 
1.29 
1.72 
1.06 
1.18 
1.05 


0.58 
0.60 
0.37 

0.30 
0.12 
0.54 
0.5:^ 
0.39 
1.08 
0.76 
0.78 
0.27 
1.18 

0.39 
0.36 
0.62 
0.44 


2.88 
1.79 
1.19 
1.54 
1.98 
1.60 
1.47 
0.95 
1.42 
1.52 
l..')8 
0.87 
0.95 
U.64 


0.12 
0.13 
0.10 

0.14 
0.02 
0.09 
0.14 
0.14 
0.13 
0.12 
0.10 
0.11 
0.06 

0.13 
0.35 
0.14 
0.11 


0.43 
0.52 
0.53 
0.39 
0.37 
0.38 
0.53 
0.33 
0.33 
0.29 
0.48 
0.19 
0.18 
0.23 


*  Too  low ;  0.43  nearer  correct. 


190 


HATCH  EXPERIMENT   STATION. 


[Jan. 


B.     Fertilizer  Ingredients  of  Fodder  Articles  —  Continued. 


eg 


III. —  Hay  and  Dry  Coarse  Fodders 

—  Con. 

(6)   Cereal  Fodderx. 
Corn  stover,  from  field,        .... 

Corn  stover,  very  dry 

Oats 


(c)  Legumes. 
Alsike  clover 

Mammoth  red  clover,     . 

Medium  red  clover, 


(rf)  Straw. 


Barleyj 
Soy  bean, . 
Millet, 


(e)  Mixed  a7id  Miscellaneous . 
Vetch  and  oats 

Broom  corn  waste  (stalks) , . 

Palmetto  root, 

Spanish  moss, 

White  daisy 


IV. —  Vegetables,  Fruits,  etc. 

Apples 

Artichokes, 

Beets,  red, 

Sugar  beets 

Yellow  fodder  beets 

Mangolds 

Carrots, 

Cranberries 

Parsnips 

Potatoes, 

Japanese  radish 

Turnips 

Ruta-bagas, 


0.69 
0.92 
2.45* 

2.26 
2.14 
2.01 

0.95 
0.69 
0.68 

1.29t 

0.S7 

0.54 

0.61 

0.26 


0.12 
0.46 
0.24 
0.24 
0.23 
0.15 
0.16 
0.08 
0.22 
0.29 
0.08 
0.17 
0.19 


0.92 
1.22 
1.90 

2.10 
1.16t 
2.11 

2.03 
1.04 
1.73 

1.27 
1.87 
1.37 
0.56 
1.18 


0.17 
0.48 
0.44 
0.52 
0.56 
0.34 
0.46 
0.10 
0.62 
0.51 
0.40 
0.38 
0.49 


*  Too  high;  1.90  nearer  correct.  f  Evidently  below  normal. 

X  Too  low;  1.80  nearer  correct. 
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B.    Fertilizer  Ingredients  of  Fodder  Articles  —  Continued. 


OS 


Xi  * 


1 

.a 

1 

o 

7.0 

7.22 

1.85 

9.0 

5.77 

1.24 

8.5 

5.36 

1.20 

9.5 

6.05 

0.06 

7.0 

5.74 

0.08 

8.5 

5.09 

0.05 

8.5 

4.24 

0.06 

8.0 

3.68 

0.86 

8.0 

4.97 

0.17 

10.0 

2.79 

0.76 

10.0 

2.36 

1.40 

8.0 

3.04 

0.58 

14.0 

3.27 

1.55 

14.0 

3.45 

1.53 

14.0 

2.08 

2.09 

14.0 

5.58 

2.10 

14.0 

5.68 

2.15 

10.0 

3.04 

0.98 

S.O 

7.84 

1.54 

13.0 

1.56 

0.34 

11.0 

1.82 

0.40 

14.0 

1.92 

0.34 

11.0 

1.38 

0.46 

12.0 

2.00 

0.45 

12.0 

1.58 

0.35 

11.0 

2.05 

- 

12.0 

0.49 

0.52 

7.0 

2.30 

0.63 

8.0 

0.52 

0.63 

11.0 

0.75 

1.08 

7.0 

1.46 

0.72 

10.0 

1.46 

0.79 

-Concentrated  Feeds. 
(a)  Protein. 


Cotton-seed  meal,   .       .       .       , 
Linseed  meal  (new  process), 
Linseed  meal  (old  process), 
Chicago  gluten  meal,     . 

King  gluten  meal 

Gluten  meal  (brand  uncertain), . 
Buffalo  gluten  feed. 
Dried  brewers'  grains, . 

Atlas  gluten  meal 

Wheat  middlings,  .       .       .       . 

Wheat  bran, 

Proteina 

Red  adzinki  bean,  .       .       .       . 
White  adzinki  bean, 
Saddle  bean,    .       .       .       .       , 
Soy  bean  (variety  uncertain),     . 
Soy  bean  meal,       .       .       .       . 

Pea  meal 

Peanut  meal 


(b)  Starchy. 


Ground  barley. 
Corn  kernels,  . 
Corn  meal, 
Corn  and  cob  meal. 
Common  millet  seed, 
Japanese  millet  seed, 
Oat  kernels,     . 
Buckwheat  hulls,   . 
Cocoa  dust. 
Corn  cobs, 
Cotton  hulls,    . 
Oat  feed,  . 
Peanut  feed,    . 


2.50 
1.68 
1.77 
0.43 
0.70 
0.42 
0.34 
1.06 
0.24 
1.27 
2.10 
1.02 
0.95 
1.00 
1.49 
1.97 
1.51 
1.81 
1.27 

0.66 
0.70 
0.71 
0.56 
0.95 
0.63 

0.07 
1.34 
0.06 
0.18 
0.60 
0.23 


192 


HATCH  EXPERIMENT   STATION. 


[Jan. 


B. 


Fertilizer  Ingredients  of  Fodder  Articles  —  Concluded. 


S2 


■3.2 


v.— Concentrated  Feeds  — Con. 

(6)  Starchy  — Con. 
Peanut  husks 

Louisiana  rice  bran 

Rye  feed 

Rye  middlings 

Scliumaciier's  stock  feed,     .       .       .       . 

Victor  corn  and  oat  feed 

Damaged  wiieat 

Wlieat  flour, 

(c)  Poultry. 
American  poultry  food 

Wlieat  meal, 

VI.  — Dairy  Products. 

Whole  milk, 

Human  milk 

Skim-milk, 

Buttermilk 

Whey, 

Butter, 

*  From  Farrington  and  Woll. 


1 
1 
1 
1 
1 
2 
1 
2 

1 
1 

297 

3 

22 

1 

1 

117 


13.0 
11.0 
11.0 
11.0 
8.0 
10.0 
13.0 
12.0 

8.0 
8.0 

86.4 
88.1 
90.3 
91.1 
93.7 
12.5 


0.80 
1.42 
1.92 
1.87 
1.80 
1.38 
2.26 
2.02 

2.22 
11.21 

0.57 
0.24 
0.59 
0.51 
0.10 
0.19 


0.48 
0.83 
0.97 
0.82 
0.63 
0.61 
0.51 
0.36 

0.52 
0.30 


o.ist 

0.05 
0.07 


0.13 
1.70 
1.54 
1.28 
0.83 
0.59 
0.83 
0.35 

0.98 
0.73 

0.16* 

0.20t 
0.04 
0.17 


t  From  Woll's  handbook. 
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phosphates  for, 18 
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